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(57) ABSTRACT

A mounting assembly for a firearm muzzle attachment
includes an attachment mount with a clutch assembly. A
muzzle attachment can be secured to the distal end portion
of the attachment mount. The attachment mount 1s config-
ured to removably attach the muzzle attachment to a muzzle
adapter 1nstalled on the end of a barrel. A clutch assembly on
the attachment mount 1s operable between a locked position
and an unlocked position. In the locked position, the clutch
assembly Irictionally engages the muzzle adapter to inhibat
loosening rotation of the muzzle attachment relative to the
muzzle adapter. In the unlocked position, the clutch assem-
bly disengages from the muzzle adapter to permit loosening,
rotation of the attachment mount relative to the muzzle
adapter. A method of use and a locking nut are also dis-
closed.

25 Claims, 24 Drawing Sheets




US 10,801,796 B2

Sheet 1 of 24

Oct. 13, 2020

U.S. Patent

FIG. 1A

140

FIG. 1C

505

510

102




US 10,801,796 B2

Sheet 2 of 24

Oct. 13, 2020

250

1D

FIG.

FIG. 1E

.l!..-.i.w-.?...__..:r

U.S. Patent

1..1.+-._-.l - ' My ..- . P F . .-..-.......-
X R I t_._.__..ﬂl.___n._,._._"._t
LA it L
TR i ..-..._....T...‘. e T A

i e i el
Tl o e -

.
e ; "n .lr ?.I...*. .Jl.-..n...._r.l-..l...‘._.r!.fa.lu.‘... : -_-._.4 - "-i r
\‘. |

2 -..s_..‘.‘ T . 3 - L x A ¥, ot A
ey .1..__.._.—4....-.:...&-.-_..-..___.FL_-.- __ﬁ... ok, .l|1-_..il. m.l_...‘.. .4..‘I.in. " g e ol
f-. A -f“.-.....Lriunuﬂuuiuﬁh..?...luti..#...‘.%h uxlg . ¢ - .__.“- r ﬂh-
o e R . [l ._1‘. .,
" T l.“.!._.__.._h u_:i.ﬂl.“uﬂ.(c& o A .
- . g st T 111 W ¥ v Lk -
" A Wk, AL ]
Pl .. il B . l.:.t;..._._-.

R T g dlpligiligiey B M



ap e T l..l._.-..l.!+..11..1..‘

‘.}.r ‘.il.

S -
- T
:.1-u. .__.._._......_.....1-.-.-1_-.!1.._-.-.....__..... .

Ll S

218

! i
r
P
.-.... o
4 -
F
;o
]
4 __11 “In_-..l.__n.-.._. Ay - A !
ad e E -.,..“.__._u___.-._.:_._........ R
.1-“ i F - F i e T |
1 r ’ r......-.--‘\.-l._-.q...._....l...._.._..__”.:....._......._.._..“...

US 10,801,796 B2

..1.1.. » [ 1!.- l!.il E A

rT L at R T - * ' a .

RS R R R SR il e by

P e R Bl - 1 h.lu.. u 2 - E
1, ....n!-...ﬂ.._..“v _-_r._..-..-__f._. v -..-.._.nt.._. ..1....1... ¥ - .

Sheet 3 of 24

FIG. 1F

._.J -.1..-..1..|1

..L.a. . . ...—_”__
ra “m ] " i
. LIS [ ] - ¥ I.._.-.

- L A o .

;o L
] n.__ . ¥ - . | I ] 1irpm ._._
.l v A 5 B
a oa \\1\. -... " L L ._..m-.u _“ 1 "
* T P 1.\.—.... . i FroATd
J L] - LR L M .-_____.__ [ ] O |
E] L \_\1 [ .-._-.—___-. - r H-l.. 1 ._..1 1.....3_.
2 L] ..-H_..._____...-___.L.‘..-_.t.. I__.___l......._-.__._..u
4 A . .\_.._- o L .

Oct. 13, 2020
2
D
o

t_. AL E
fm..w.aﬁfn..

g ¥ W

. .m"-..h.l " .-4._. .
Tera ..._.m-_.hu a

100

U.S. Patent



U.S. Patent Oct. 13, 2020 Sheet 4 of 24 US 10,801,796 B2

FIG. 2A

FIG. 2B 110

FIG. 2C




US 10,801,796 B2

Sheet 5 of 24

Oct. 13, 2020

U.S. Patent

FIG. 2D

110

.....

i
S o R
l..n___..l. .-.-...._._1_.-__..- - 1&“..-._“ e ot .-Elﬂl

- L] = '
‘I.‘ liu..-‘ - L. - {I. - I.‘Hi— ‘.—ll—.
k. ] 1..-.-.
.‘.1-...1.._.... & . i_-..1
I e o ' T At ot ..__.. _r. ._...__..
L4 e R e e, o T, 2 o . < P ESLSLIY A
.__.__n._.............n- - Tt T ol \\r A _v_ o u“__.__w S " e
[ - n-. - l- !1 " l\. ..-u h .l.-_. - . l-. _‘.
™ x . ey, 7 . %
g ; : o, e r O Vo
.-1| ] v 1_-.: [ ] - _-.l [} l“r.“-. '] T
. K ‘ l‘ -_“ = g - ™ » . i’y
1 . . __.__u_..n_.....;_.. _..-.......-H\.___._...uv.v_. " ’
. . .I.l ill l.l. L IIII.- . . . ‘ LI |
@ v e SR e ] %,
. T RN o e LT W as FE

R -
T e
. - ..11.!1_

Ix.l.l

- .
T

uuuuuuuu(auuuuuuuuﬂ

l"h.'"l-
N
] '.. ‘l.

Uy
LN
N
RN
y v
n
.S
LI
Ny

l‘l

I‘

"

rrr e T s s e s ey e e e e e
mm e m R R E R EEEEEEER==
e e

114

- = e e e e rr e . L B
.l..‘-_-.-_\.-...nu-n_-.\- .1._-1._-.._. " l.._.-l...n.l.h.l.-. 1.-.[..!.-..__-.r|.l.-l.1__..lr.-.r.1...|..I...I...1.r.lr.l..-._.__u_.l.._u.l .".l..-.-.l.l._.\ - .-h-.....!
o . K ™ e o ko ks ow k - - l.ll.l“_.
‘l.“‘l \ ‘.I\. .l-‘l..'..l. l. -.1...-.1!-111 r [ | +rll._.1l1 |l
. - : g - P e
. » ] L] - ___._-\. -l.l.-... o ) ]
mAmmmm, - om .|..|.|.|.|.|.|...-..|.|.|.|.|.q-_.|.|.|.|.|-.| AEmEmEm- Em e mEEmEmEmEm o TE om l.l.l.l.!-_.l.l.l.l.in.l.l.l.l.l.l.l.-...l .|.|.|.|.|.|-_. . . . ...-.\...-ll. n.__..__.iq.-..l..-_..-.l. L
A u . L . . . . . -
._u;..-\_,._.___, A A A A A A A A A A A A A A A A AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR AP A AT AA AT A AL AL AT P . LA R .-_.,..uu_..,___.,._. -
' . P e . Tal TaT. s SRR . . . o+
|.-.i.i-‘-..ili.h..._.|..- LA -k - Ty - mr TerT ] FIERC R N N !..lhr..r.hl.‘u..'i - L] . . ...I.I. . & Ry
> Ay - e N e R L L T e Ly e i S
n._l.-_-l}_l\llllt‘.__ - - l...-l.h!ﬂl“xtki\.“‘“nﬂhln\ﬂ‘“l”lnl.”-”l..__..._.ll.ll ||iill|-||i|t_-luﬂ1.ll.u.lli..‘!.‘..‘r.ri.li.ri.r1-1-1-1l.._. . t e s '3 " " -
- - == i o e e R R ll...........l...lllll}l . " T .
“”.I S - ..-.-.l.!.l. !ul....l.....l_._..l...__..n._..h.__...-l._.l._.l._...._.......+1t1ﬁ‘tt‘-h‘-.t‘mlﬂlﬂlﬂ|lllhlilltntnlnlﬂul& . .lu“ui.lﬂn.lﬂ.lu.l“lnlﬂlﬂ.lﬂi.ﬂiﬂli‘.I..lillllllll““l‘hlt"ﬁ\i\“lu LA it . ll__l...__. l“._.."_.._u.lﬂ.l__..ll.“._..n__..“t_- 1__..____. Ill__......-.“l“.”.nb._.h.l.r....__..
‘....I.___..”_-“H"H“u.”.__ﬂ-.!l-I_..l L o e et A .l_..‘.l.-.l-l‘_._.._.iu..-l......_._.‘_ - ll.n.n.“._..”.... . T ’ Ul *
P padd arrwrFee ror = 5 + 4+ ¢ r a o D I
.\.H l-..__ .-.I..-.l-.l - .I_...i_...l...l..q___w..__..._._..rl.._._.l.._“.-“.._.”.._“ﬁ..”l.“‘.“_-lllhlhlhlﬂiﬂlﬂil‘lﬂ“ﬂl - h...l&.\h“ “_.“"_.“.._.l ”l”l”l”l.qldlqld.nﬂ.lﬂ.ll.llhulIlIliﬂiﬂiﬂhﬂ-ﬂl{.ﬂlﬂﬁl{h‘l‘?‘l\v\-hﬁrl..l AFrFrEEETrEer g “ . \-..lﬂ.l.ﬂ- "
' -._l_“._‘i _h_‘_ --.l.l.l.l.l.-n.l......__.._____ TT T O o - g
- e o a ek g g ™ W m m m e d d W n..'il__ . -
S e s ra ko F W E W i...ir.i...i..l...l1l1___.1__.|__.|.__|-|l|lllUIHHUE‘“‘“‘lI-lJJ w "uu.iu.._- __..__-U__.lll-l-.l-..... ... ._-_-.... i ..-\.-..__-Hi -
- Vo a s TR EE.] .-.-._.l_-i_-..-i..t_.il‘l‘lﬂlu.‘.\n_uﬂ\.___ NN E E Y NN e ) T - a o
.Iﬂilr.i.dl..l.“!“l“.‘..n...‘-ﬂi\lﬁlﬂill.uhlbbl - s BN N A L ll.‘i I
e - mEmEERasr * . C e e - rr - m a a'w e
h“ e rFrrr rrmmm O e RN NN " . r ' .ll..‘.-__. .-l"\ . 6
oo g g ¥ R R Fa - Fa A i L T
: R Y o el s R ey -~
.“.._..__.._...__..__.._... R I XY FEYFTFFFE-. Y IFY FFEFFF O FRSF FFEFTRN-FRLF . FEFFTR . LR F FEEFTrFES CFE O F - FTrTTFFEROSFW __..._..__..__..._..__.._...__..1. \l\“...i
. LLl . ™N
r
’
r
’
: : (O — ”
; . aam e )
‘ 4 2 P ST
“ : A I...-..__..-_u...uﬁ._.“__....\ ...__-___.._l...l..-. oA A" e ar l__.l....-l-l... - ..._!.____.-
] \\_\...l - T A
r = e
‘ ’ 2 A
I r o
] .-1 r &
r N
............................................................................................ » 1 o
-
. __._..__.__._..1__.__.._.__._..__.__.__.._.__.__.__.__._..._.__.__.._.__._..__.__.__.._.__.__.._.__._..__.__.__.._.__.__.__.1__.._.__.__.._.__._..__.__.__.._.__.__.._.__._..._.__.__.._.__.__.__.1__.._.__.__.._.__._..._.__.__.._.__.__.1__.__.._.__.__.._.__._..__..__-. N
ok ok ok ok okl bk ok bk ok ok ko W o ow ko ok ok ok ok ok ok om koo ok ok ok R I R e R I R AR AR R

I'...-l'-l _ .I |“+1 .il—. F F r .1..1- I1 .I1 r .I+1.l-—. a - ..1.
T i P

' ' s a !1...-_.1.-.. - & Lt |
\\\ | LA et T e e *
. AR L ; .

6
FIG.

FR NN NN

12
126b

Y

-
t.
“
.
.
o
4
“
.
o
+
4
.
4
4
4
t.
“
.
+
0y
4
“
.
o
+
4
.
4
+
4
t.
+
4
+
“
.
0y
4
+
+
+
+
4
t.
4
+
by
i
o
t.
+
oy
"
AR

="

-+..._..,

o s \\nu._...
A S

u-__,...;._.._-____u_._...,_....___.,.._“ e, il .

,\_mn Mty piprt o

L
] - [ L a r o oa
\1. .-_....-.....__l...l.hu.l....‘._..‘....-.-.__..-lll- - -
.1 ‘
.1 I.-..I.-.I
. . .-...-_t...._

, - e e e e T . .-\_..... 1)
e S
. ' ey . i

127

“"‘“"“-

-
A L by

l.-. .l.l..l.l..l.l..l.l..l.l. .-..l.l...nl. “-..l.l. .I..l.l..l.l..l.l..l.l..l.l..l.l.q.l.nl. ...“I. o .nl. .I..l.l..l.l..l.l..l.l..l.l..l.l. .I.u.l...nl. - .n-. .I..nl. .l.l..l.l..l.l..l.l..l.ln..-.u.l...nl. - .nl. -, .l.l..l.l..l.l..l.l...nl. sl ..nl. .-..n-. .I.l.-..l.l..l.l..l.l..l.l...nl. .nl. -, ..nl. .-..nl. S, .nl. .l.l..l.l..l.l..l.-..._“l. - .l.-. .-..n-. bl .l.l..l.l..l.l..l.l..l.-..‘.* 2

_._nl..n..n..l..n... T e T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ..l.n..n..l.l.n..-...u..l.n...l.l.n..l.l.u-_.

.I
L r

. -

Ty " e e
! x“"“ -.‘.

. #
’ iy

SN

. ""'."h‘.t

:.'hl‘\.

N

- d

- ‘.

-,

vmt RV RACeR e .
_-._-. -....-”.hn!i“.-....-.u.ll&.!.l F ] a' .l..l_.-ltl.-.l. ._..".“I._‘.l.l - .l_I._._\““.._l.\- ._.l.."._“. : il-_-._h\___..\\ . .-i__ .\I_‘
-.l.ﬁ- l.'._....vm._-.....-._...-_.q._.._..q\l.‘.u_.. r 1_-.llu. L] .-l-‘r! r .l-1.
- P RN A Sl r AL el Rl
l..il\“lhll”ﬁ.l».l‘n.‘.._.h A —_“-. I!h - ’ r 1.I.I l...-nl - N + .l._-. i .11. ’ -E. |.-.-....l
6 .\“..h-_. - i- * ll‘.‘\l“.—ﬂ 1\“.. .‘I “-.' - ."1.'1.‘ . " .-Ilfl'
- .-_-.-._n.-....“.-li..__..l.._ o i e _-.‘.-\..__i\_-_ T
ll-i.ru‘.... R e e e ! ‘\\..... *
11._-... .-....“-..I.u._...!. ' R - "
N D AL o ) -
‘..‘ - - ‘I... ra a r n IH
—— e T A - N
BN T . |
8 i.‘.rl.-..hl_-.q-.ll-.-\.._. a - ...1.1.“.+.-l.|_. - u ._.._-.”“.._I . .l..-. -
.1..!.1..! h. M -lI.._.l.._.!.._.__.l -l —..l..‘ I.H.H.-!.- lq..l 1‘ . I.I.q..
* raun e h -
N ey, T e s
_ PR
LD . il.-..___.l .
l.l__..._l._..ql .__-_u.i.-.l a d l_._..__..-.-ln____-11 el

128



US 10,801,796 B2

Sheet 6 of 24

Oct. 13, 2020

U.S. Patent

100

FIG. 2F

r L L

xﬂ%%%%%%h%%R%%R%%%%%n___.._..._..._..._..._...___.._..._...___.._...__...___.._..._...___.._..._...___n_..._...___.._..._...___.._..._..._..._..._...___.._..._...___.._..._...___.._..._...___.._..._...___.._..._...___.._..._...___.._..._...___.._..._...___.._..._...___.._..._...___.._..._...___.._._.._...___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._...___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._..___.._._.._._%%%%%%%R%R%%R%%%%%ﬁt
h- L L L R rre L ¥ FTFrFyFyFryryEyyryrey-wr L L L L 8 40F L L L L L F Ty FyEyFyryrg -rFyygJar L L L B L Fy FTEFFFryrryry -r L L L L FE 4 FER FFyFyryryEyyry - Fr.- ¥ Fr L L L L Ty Fyryryryr- sfr I.J.\I.I-l.l.l-‘.
L

)
L n 4
* -
Fa
._.l ’ l” ._H
- 4
£ r
.l-_-.-. l..___..‘_..__..ﬁ
£ s
. . M E
-_- : " 4
- \.1.!.-.1.1.1.I.I.1.1.!.1.1.!.1.-.I.1.-.I.1.!.I.1.-.I.1.-.I.1.1.I.!.!.I.!.!.I.!.!.I.!.!.I.!.!.I.!.!.I.!.!.I.1.1.!.1.1.!.1.1.!.1.1.!.-.1.1.-.1.1.-.1.1.-.1.1.1.1.!.1.1.!.1.1.!.1.-.I.1.-.I.1.-.I.1.-.I.1.-.I.1.1.I.!.!.I.!.!.I.!.!.I.!.!.I.!.!.I.!.!.I.!.!.I.1.1.!.1.1.!.1.1.!.1.1.!.-.1.1.-.1.1.-.1.1.1.1.!.1.1.!.1.1.!.1.1.!.1.1.!.1.1.!.1. . -“.
y '3 .
F - n\\. r
S P m m m mom E o moEE o EE N EE E R EEE R EEE N = E N E == EEEE N EE N E = E N EEE E N E = EEE = NN E N EEE = EEE N E =N E = E N EEE N EEEE N EE =N EE E N EEE R EE =N EEEEE == EEEE N EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE ===
.11. .1”._. AR R R e RN R R R R R D .u
. £ r L »
nﬁ.___..___r at " o
-.T .-.n. .-.” --_ l_-_- -ﬂ
‘-1. .-.-._1 “..-. -.".1 _-_- +
) -__...-._ .-..-. .-.—_ ".-_ ‘.“._. _-_-_- __.1
K x L ] * -, L] —_.1
‘2 .‘..\ * o r ..._.-.._ _-l-_
‘v ._._..-_. " o -_.q. r
. .-1._-. at o . —_.1
+ ] * [ ¥
a -.._-. l.-. -.—. ll —_.1
. ._-.-1 o ] ] r
..-. L__-l. -.—. 1._-.__‘.
: ‘ : s
) .-.—_ -ﬂ-' W
) ll .-.-. -.—. .1.' —_.1
‘4 ] [ r ]
D SO
.“ ll .-.-. !l. .-_.-_ -.‘l
ﬁl... -_-_ l.-. -.—.ll -_-_ -‘l
’ - - u—_ "+ "a .._-_ __.-.
’ l.-. ".-. ll_- 1_.1.“
h-. ................................................................................................................................................................. -.—. lll —_.1
NN NN E N FF N F NN F NN F NN F NN F NN NN F N NN N F N FFF FF N NN F N FF NN NN N NN FF N NN NN F NN F NN F NN NN NN N NN NN FF NN N F N F N F NN N NN F N FFCFF NN F NN F NN T, - I
.................... A e e mE et at et m e e et ettt at e ma e atata Ca et m e et e at at e St at e atatata fa mta Caar et et e Cata Cat. et atat et a et mta e ettt et a Cat_ wtat l.h..-.......l...... -

M -

"'-"-"-"-"-"-"-"-"q:

200

w.
i._q. -

REEE S L ™

. . “1.‘“1.I|I.'..l.. .1.1.1.1.1.1.1.l..l-.'..l..l-.i..l..l-.i..l..l-.i..l..l-.i..l..l-.i..l..l-.l..l..l-.l..1.“““1.1.l..l-.i..1.“.“1‘.1.l-..h.r‘.u‘“‘.l”‘.‘“.r“-rﬂur”rﬂﬂﬂﬂﬂﬂﬂI.LI-L'.-L].L‘-L‘L1L1L1h1h1h1h1h - - - .1.1.1.1. .l-rw-.‘ o
" T e h‘h - - m ok ok ¥+ 4+ ¥ F L E o oEwm -
o m r e e e e e e e e e e e e e e e e e e e e il Nl ..l..l....l_...l.__h--...!”....l‘.."-ﬂ.“.v FF P E LI NN ...ll.-.
e e I R R e s a T e e s ...p.\.a L S Rl e
O I A e e e A e e .
"N EE K o O I I R e S R . - 2 a LI ] 4 = a4 A d A A ¥ s kor Foaa = - *
B e e e o o W 8 0 0 0 0k b b b n o o bt e e e e a0 e i T TLILT 2 i
{J) B e R A A AR P P Py y e e a4 8 mmommomnon WALy - : e
n...l.“-n-ﬂ._qn..._..._ ek e Tee ._......“.“.“.“.“. ”.H .“.. R e e i Il n - i ._.1 u
P g .____-....|-|-1l1h1.!1.l_..l_..l_...l..h..h..h..h-.._....._ i R R R P P I T T A N N T I T I N T S ) . .
6 r .\.-l‘._.__....__....l1!.l LN 2] -.-.-.-- ..-...-..“.....Vhﬁhﬂ“ﬂ“ﬂ“ﬂ“ﬂ“~“ﬂ”ﬂ“ﬂiﬂ.ﬁuﬂ.l-ﬂui.l.-.-.l.- R e T e T T -..-”-”._..._-_.H“..._”_.\-.- ¥ ! ) r % u
e A N N L SR A A A R e R A A e !..l.n.l.n.l..n.__ 1_- ‘rl - u - n .‘.“- r a
e L T e L L ey, 2 -, e o
2 o a .....“....“..Hu.n....jjjnt.................._..._..._.......-..-..-.r......._..._..._..._..... I I D oyt T R AT . e T e e o
T o R o o iy T n n Tn T a i a a b a bk m e e e an e T RSN, i d A
1...i_.1_.....__ eleleeT .1”...“ .1“. ”.”.“.“.H..._..._. o DT ETASAT T T T e - R .....l L .__._..1”. ___..”_l_..__‘.___.‘l.___-u__ hﬂ.. - 11-.._. .-..11.1 .-_H_ il ] ..l_-..‘..\. "4
 Ta * B P R, . ' + T ox P T R T i i n r ;. ..n1 r. s
F_ k [ ] D] -« ppprpEee _._.....-...-...l-..-..uu.-l.luﬂ.l.-.-.l Bk o am i sl CNECI LI ] LA AL [ ] o _ l.i r-r
.ﬂ“.. [ ] !Ilhllll-.l.__._...._......__.....inlnlﬂiu.1111 . llllll-.-..._._...___....inln11 - .ll [ ] F ¥
i “a l_-ﬂ......-.._.! e e b L R . .l.._-.._-..l..-q-.l.-.l...-...-...-...-..“l_hl.hl_hl_hl.-..._....._t.__.-..._...l.._ N NN T T T T N R A AN ____.___..l - ] - . Lo K "' 1.‘.
. .__._._... = [] oo - . - = CRE R B N A o+ , Ff A A A dd s =a a A &k oror r . NN .-..__.....-..n_-..n.__itl._..i._l.._..u.lllh - ¥ . ...- [ ] r
R ” . LI N L L T DI R R EEETEEEE N B Y FEFEER LA b sk v PR ] = . ..‘-..- ¥
+ < . Eﬂi.ll.-litq_-.‘l-.l..l-.l NN Ak ko L i.l_l_i. .l ...l. L T v I I R LA + - = r .-...-. ' e * -1...- ll1
: - e e, A o ettt o r e e aa e e et . R Ty, s : L
£ - T A MY A d A P N T T e P gl g N ¥ oF oF o R I ] . B ] .._-_. T F
g .-___41 . L I L A A i T " " "a a R N R Caat ol F . . !-. ..1._-.1
- JE L ) L N M.“ +..“. ST T Tt e e e e LI T I R LI 1.1-1.__...H.H.”.”.l_-.-1.___‘.___5___.-1‘{111!._._.. . ..-.“.-. . ..“1 L T
. F -__1 F I NN N L A, R L T e e T da s aaaaae e T r =T r r r r - - oo A memmr s N ”_-. ) . e wor
.I._-.. Ll .-_.-_ e ma LN ___.1.1-.1.-.1.-...!..-.-1-!.-.-.l.-...__..‘_..‘..‘..I-lililil_-._-‘._.‘._.‘._.-.1......!...1...1...!...!.!.!.!1!. ) . P L FFPFPPFTT e 1.._1. 1.-...-.__..-_.|..|..... . r ..‘1 nl__
L ’ e e e B MR A P e A 8 8 o o o A A o A W O o e : o L .
a _1.‘ n" .!.!.l..l...l .h...ﬂ.. St e e e e e " Al kA AR i .-..I.-.i“iuhl-ql“lhll‘l‘“lli._-lnlb!q - .1_- ‘.-. L] .‘ |“ -, r ..‘1 —_.1
- Ml B . " "y i’ . - : "
b “_llll .l.!.n o .ul_r EEEER l.-..“h”h".-..“ " E EEEEEEBR !.-.Ut“t.“ﬂ”t“ [ lt.”.t“ﬂ"t“tﬂ_-lililililililiIi\lili\\tlili\t‘i."tli““hﬁ“l"ﬂ"ﬂﬂ FE EEEEEEEEENEENEEENBR l.‘.I! ‘.t-_ ! “ll .1_1-1. AR mAN - .-.....” ..I v
BT i e O T T e e - . A K - f
£ " o . r s, Bt . . F
.-...1.1 _-_- r r ... 4 _oF . “ -1 rl ) r _-_-. _..-_
Ly L] -_t.w d . r o= . " m . . ~ L , L ..l L]
o r - rsTrLrPLrP PP EF P P PFPFPPFFEFF PF L, FrArLAF L A PR rFrELFPLFA L AR F. B B - . - ’ F r \.i. _—
.-.l._-....__v..-. [ ] - -.1 -l.u. N -_q..-. -.q .\._.__ . r F l_l-_
- . F] h_ T - "a e 1-_ - - ]
] L ] o L 4 Cl V. - m 4 - [ ] & .I_. =5 F
2 “.__ “_...._...__..r._....__..“._.__.._.l._.._....._ t_.._w -..1._..-. ..‘_r.._.“._____.-.-._.v ....-.___,.-_.__....__._-__.n._._...._._-..._...__.-:..:..__.-:..:..__.-:..:.-__.-:..:.-__.-__.._..-:.-:.._..-:.-__.._...:.1_.._...:.1_.._...__.-:..:..__.-:..:..__.-:.-:..__.-:.-:.._l_l_l_ll_ill_ill_l_ll_l_ll_l_l.l_.l_l_ t..__-._....... A ..l.h.n...\‘ i _.1._..___._..-.__1.___.--___.-..-_- .”._..‘...._.-..1__.
£ m Ly * = = . ] .t .“‘ - ' r +
. " T on e NP o i A B AN
) o F "a ' W N Tw " ' ) . . lI. ...-1 .
[ ] k| I | I | FL r o Pl A a4 a a ...-_i. » L F ) \l-. [ ] [ 3 r L] r
R . " " h‘._.I “ e - ..l‘.\-l-....l!.l_... Tt - * C - R ..‘1 'y
..-.-l .\‘1 ! .-._-. ! .l‘ - T u..__. N N N T L R R T I T ..._1“. l_l - - ] v l“{___‘\ l-.- - ..‘1 l1.1
) ] L -__-. 1- k - F * -1 L T P+ -k - » & ll...1++1.---hi\i\“i\%iﬂiﬂiﬂiﬂl-.ttlttlllll..-l.‘h‘.-..-li“l- - . '3 4 r ..1 ¥
..Hi_ ll _-._-. 'y B —_l .-.-. .__._-. .-.-... Iy ' Tea'r Ta’ .-...__...._.-.._.-1.-1.-1| ..l.. e P ERENEEN YT r o " -_-_ 4" r ..‘1 —_.1
Kl ..'.-. "a “ “ II o e e L .....l_‘.li....___.-..l Y .“ulh.h-l-.._u.._...q..f...‘. R PR A atatatylets Tala Tale .._.1__..__-_.. ot " 2" ] ..11 W
a " " W e o " -_.-. e .-.._._.lll-__-_._tuu”. I._.---__..r_..ltl_-.ll.liﬂ.lﬂ.lﬂ.l.._i ot .“n..ﬂu._. A e e A e R e - ..vﬁ_-_ __.1
..-.i.__.. m L] ___-. v Eait _..-. o 4 . LI N = s .-.nll___.._._._.._.___.__.in _._.___.___.l.lnl..._.-..._.-..._.-.-_.l-..l-_..\__l.._l.-.--______._.._._.__..i.. - =" . ] l1-_ r
. o, ._____.. - L. LE » .‘-l- . * . - LR LI T N I B R L gttt rrT A e o . ot . ] o -_-_ __.-.
a ..-.-.- .1.1 L L. " . L._l-. L _-_l-.._.._.n. T O T T A L L Tt R D .1.._-“_-”.|.||||1 - -t ...-.....-.-.._._...-... . . K .__.__.‘_. -I_.
..t-l .-_1. ., " A4 . - *r = a ._-.‘.IIII!_.! l:.l......l...h__h—_h....__-.__-.r.__....___...._._....ﬁ...-_..n-_..-_.ui.-!-!.-.l.-...- v .II.I l. e ...__......-1__._. » . * ..‘1 Fa lh
-« [ ] [ - ] [ ] —..-. For e A s s r s mama s s aaa s FF t.ini-.-.......l!lllhllt-. L] -r - 4 r & -, F
- ] fF- l-__-. 1- .- —..-. " - ok - - o= - ...--uihih.ininini"_.lttllll.llnl_n‘nln.ln.lll_.._. L r ___...\ = » .-_..n‘...-.
..-. [ ] r . ll-. " o -.-. L L L LA B L R B L B .._..._-.I.ll-.-.-. » Il 4 ..l_-. )
[ ] r - ] ) ' wFa r & ror P LA ] o+ , rd & d & L& ror ' > ] . rw )
4+ ] ] Dl ¥ ] 4 - - - L+ . P A A FFEFES - F & + + rroroa . ' ' S e e e e a + - - n L r 4 r i L]
‘2 ] 1._- ...1.__-. 1- . .-_..-\.-.l \..-._ Pfam hh.._.._q___.q_._...l..l. . o - PR o LR B IR N I B N P ...Fr r » m-_ .._n_..-.
a -.-_ ._-i .‘..l-. 1- l\.—.\ -_-_ .-..l_. - ..vﬁ\__ l._.l.-l__..l.__..-rul -l-lllll.“.—_“-v“-“n."n."n.“ﬂ._-i.”.iﬂ.i_t\cﬁxt.!._...__..l A f se e ws m omom lll.-.._.l....l__..lr.“.“.. h .......11_1- !! .\-1 - L
s SRR AT RS ’ i Tl R A Y Ao ’ . % R
. "-.I.lu-__-.ul.- L | ] Ly .-....-_-n.v._. + o+ T T r r ora a a . ' L R R ERE N BE B B B I | T r . P - ..11 "
.41-_ et = L._-._._ e U R R DL Ak F mmmmr o m - r Vo - o - - L] ll‘___.._-._-.__.. rrrm l._\. A
. i ml _..1 ] R LA N Ak e e r e e LI A R R RN DR N . B A T L r ”
..-. [ U. LA » A r + F F rr .-..-.11--.‘.1.‘.-'-'-! T T T rr T [ ] [ o ] ..‘
f 4 r = -hi. ‘.__.__.!l!III-l-l-.__. FF A s s s e s ammsrrn aa r ] [ [ ] 4 r r
& - - l1.-. ] -.l.-_lu - = s mm i.‘..-.‘..ininl.__..__..llll..-..- - - r ¥ F P Lokl ] .__.....\1. - ..1 ¥
- iy [} [ ] = r ] = = LN Fd APk . .. ER R = nI....._....-..._......___.!I.lllﬂll » 1-.1 [ r r r
« Ff - ] - L J [ ] i - - L - a - [ I B I B I I a A F rorror o - = ...{.-_ r L [ - -, ..l ¥
K o) : ot l\- i.‘\-- s s l-‘.-..h..._..qu... B NN N N OO oty * ot v, ...._--|- ..1_.1_- W
- - - I I - L] [ ] [ ] 4 LN FErre & e I I R N R | = " 2 m & ana £+ - W - b + r r ] - - - r
..-‘-l ..-_..1_. “u ___-.h I - _-._-. “u 11 --.u.-..rul.lnlll___.__.___.._._._.-..i.n.i._“"_.ﬁ.._.”. maa l“““..r- " __..l-_.“.._“.._“.._ﬂ.__l.-.r.-l.-l-l-l__.lnlll___....___._.._._.-.l-..l-.._._..___.._- aam " .-.“.II o ] Tt " -_- ..... - .._.-_.‘_l.\..“_l.-ll.ln__- -._..._.- _..-_
T [ ] - [ L [ ] kT - r o . P R TR T | Lol L LA R R N N ok om om ok kM L] [ ] [ ] [ ] - i 3 1 = ¥
. [ ] - [ 3 Aa - . = - LIE B I - m m & aar rorr . A e . ] B L] s B L] L)
e ] . ] - L T r r e | L L R R R L ’ LK ++ T T T r r . ' ‘I.-. . ] ] ' L | o - 13 r Wy
. ', - - " Fa . ._1-.. T a e s - r - mmmom oo . P -'a PR 't . . . K . » - w
4 g ] . i - FaEE A T EEC N = Lror o 4 - Fa da dad -+ r - - .‘| ] * ] - , i Y r s
- r [ ] - 1.__11 d +...-.._..___.._..-...-_.1.1.!l-|..-.‘ T T T Frr r - IR T | r rT L = ] L [ ] .._‘. £ L) T, Fr
&+ & - r E l.-....!l.l!lllt‘.._.h.._..‘. tvr!-l-l-li\‘i-.‘iiliﬂlﬂlllhlllll 11111 1.1.‘. = ll [ ] * [ ] - ‘...__.... - L
i ..-.-4 l.l F. 11- \..-ﬂ-! [ 1.11 .. - .-.nin _._..___..___..l.-.-.l.lul.inl_-l.nl......_......_......_.-.-....1...1.._....!_.!-!.[..[.-“._.._..!._.." -1”___....__._. L I_.ll. " an i| l- }q. -l .__l.. . .-_- .s.l-.
. B - L -.1 L - - EINCHEE S R I I BN B + - a4 4 4 & & & & r L ..n_-..-_-l.-___-..lh - = [ ] & [ ] ._.-.-_..-_ r
4+ X ] 4 ...1- rw , o+ + LI g ' E N R ) + rFr e s P+ + Co o !-.. | ] - ] ” B F
) y Il i.- 4 1.1........ e * * ........ ..-.—_.. " faa A A far T R R R P R 1..... .1... R - * ll .-..l . r -, li.1
2 L \Iql-ll.—.i..-iﬁ.iﬁ“.t”..vii.-i_-i_.! T T A e e e T T e A P o= - - AN IR D .‘1. .1.-1 -
- x” r - - ._-.l-l1-_.-.-_.-.-_..\..-‘_.\!.‘-1.._1.._!.-1.-__..-__.‘!-l-li.l.lnuln..l...._..._..._ - m k& .-Il”-“-.“.-lul._..l.‘.i‘.i.hi.._._..‘l T . ﬁ.bhs. W .b-.__.. _-l r .\..‘- r
. - B TP il oo e Ty LI N B AR BT I T e ™ " 4 ' v " - ’ -
1 i .-.-.u_“.I LT l_-. .__.- - —_.l = = popm.m r.- T a'a'a'm a'a 2 a . T * - l.-l...-...l...-. ot .-..-. l ._.-. [ “
. l__.. ] l.._..!.-h lI.l . l.l—..l—.h-.-lil_-._-i-.i-....__....l..._-.qﬂqlqi.lllh o maaa rLr -1.11....1._.| . *- T Ta 1-- -._...__-. r __.1
..‘. '] "- -\.‘ﬂu...- .. .“..._..__.._....._._.1-" ”H“."" “ uun .”nl_ .-_....."_... .....__.-....._1.__1.__...!7!r!.__l...l...l.._.“-ﬂuﬂ-l“ﬂ“”..___H..-H‘-l-l._.“...ﬂnﬂ_h”t.uﬂi-w\ .-.-.. . “_-.l.-”"...-....-__ H ”.-_
a . - “ -" !t-..\.u..“_ Tl e ..............l.l.l.. -..- “at ...1._.1...__._..“.“..“. “.“ .“... 1.” ”..H...q................ ate e Taa l-h-_ e i H-.-. .1..-_.._.. ¥ __“
o - L] r tan ] e A AN IR Y T l..l l- e L. . T T T . - -..—..l- T -, L ¥
. -, F L = r . r ___.-..lu__.n.nl.._ E I il il N ] s oa . Y - ,
') - .-_-. -, L Ly ] y __.‘I -.-.l!q B Ll i LI I B R = m m ok k& ’ Lk g L o R R l\.\\ T .- 191. , ¥
e,k . - - LR - ST LR A e -, . -~ . . e .
. .-_.-__-. r h‘ -l o -._....... 1 e LERL N B B B B  + + - r¥ T T T Fx r o o ._....__...__.._l.-...___.___...___.._.lll_._-__. T L i .-.___ r ..-iu- t-.
. , » [ ] ] L L] rm = r ®m mom.orr.ra e L L D L B R B ] + + F mom - o - r L a = - . .___.-_ - r
D S S N N e A A AR S BRI NG T g v v o e
%) ..._.\\ A - o ~ A N R ! < N, L o e,
K T BT aait ettt - ll_{i. - ..H = ._..._......._..-..r R ._.___.“-.1l_.l. Pt ai e LT ' -..- e : -_i.-_ -7 .. " -l-. . l\\-...v-_.-_ HH.F.F.F.F.F.F.F.F .-..i ...__..1._-.1
) ”“ -“.l_- o l-.‘-‘. -\.lll..-t._..l_.l FEEFEFIMAmdasanan .h-l...l._.l._.l...l._.l._.l_...1__..1__..1_._.1171'1'titilq+‘w‘.h‘q‘ﬂ‘q§i\tt |..-.-. Vet x .i-_.l N .- R _-1.\.-_‘..-_ - t.l_-_ |_.“
K| - - e ¥y ' ‘ e . P " 4 = LI
..n_...-_..-_ oy n....... ___|__. Htulululllululllu lllululllllulllulul..l-l-lllllulllululllululllulllllululllululllulll..lululllululllululllllulllul..lll..lulllllul.._._-.l-.‘-l-lulllilllﬂi ..... .""‘m ' - .h\-fl.__. - -
e " Ay ) - e L -\.-.._.p- o
.-1- L .._l-. e e ._..1._..._ -1 r P _;I._l.i __.-_
o l- r‘. ._.. --_ ) P ] _..1
o -- ._.\. hm. --_._ . -..uql.. ,“
T 4 ] 13 ] Fal - ¥
li" -.._.-... l-. __._..-. - ...u- . - ' -l‘l_-o‘. l.._.-.
L] i - - L) . ' -
% o ]
L] u o Fl .
v - r .
; - "4

-'m wm
FO N | PO A | i 4 2
L L L L A

- ) L} )
l.T -- .
- - .
l.- e . E
. - .
- e .
Fy _..-.
L . .. .
- . ’
] e o4 o & M e r rr rrorrrrorrr .
Pttt ettt et Lttt

.'..'..'I .'..'..'I .'I .'..'I .-.:'..'I.'I '-,"I .'I .'..'I .'..'.

nA T e R R e e

¢

-_

[

A v ¢
. J

rFErrr ¥

1 o ‘
> s ¥

Ja £ u

1 e ¢
L.-.. -. y

I‘.

mom Mmooy,

126b 198

162



US 10,801,796 B2

Sheet 7 of 24

Oct. 13, 2020

U.S. Patent

FIG. 2G

110

114

=
Ferrgse. 77
AL <
P el T Y 4
A -Lw.ﬁ ” . 4 - -

. d.»uh"l“\.W"k. "%\vh
e s Sl A hS
AR AS e y . x.;_.ﬂ%hw_.,. _.W.x.
R P
e
o L 1;......_____..

.....
........

L OLC e il
n n T -H.-__.l \ i.‘... S + U
r ra £ ..u...”...NH qh...._ﬂ.,.‘b...__..-ﬂ.... PRI ﬂ....,. .\V‘
T H Cari ..__..._.,.S"_...u._..ww e A\W\.
A R A e Ayt
45 v el g
....1....._._-_-..\.... B ._.J.:r.....__..t.“..__.“.._ “”H”Hnﬂ.:“.h”ﬂ“._v.” :
-___....--.u1 - Ta .-_I.___ ......-n_._.:

126

130

110

FIG. 2H

Patsm ity

W LT e
]

AR

v L s

L
w2

e

A

-

-_--.u.l..l‘ -+

....._."lu__. 147

| ] .-..n.l.ﬂﬂl.“u..l.iﬂill...““‘...'ﬁ -. r

r e l‘h_-. .
S .__.__n...n__.
i u.._uh.___..-_.._.."u_...... n-.f.__.ﬂu-.-_-tl.l_.

S

F
v E

-

- R
M .._“_-..__-. -__1..

M A
N A
P

P
L A

L a
___.1-.-1__...-.-.”1...““..1__.-. .

at-

. ll—l..“.i. I..l.
L

e

.-.‘-'

77
g .,.w.__mu._. ,

FIG. 21

110




200
230

i al aUa R el i a l  t al U L .._-...n...-..ﬁ.a..__....t......_-.:t_.ﬂ.....ﬂ..\.__..__._.......___.....»._....._...-1..._...-._..__.........1.__..1....:-._.ﬂr._...-.:..__»;ﬁ.....-\ﬁl._..._:.....‘.tu..__.m...-.:._.a._...‘..-.

US 10,801,796 B2

¢ .
11 F
|H .ai
o "
4 [
"r ST ML U et Y R e o e e R  a i T S LN U R S L L L o ._._.L_._.-__..L_..-_._.LTL...un__._
ﬂ— . v
) ﬁ
]
G . ~ T
! * )
4 e
- r
e | g " 1
¢ F AT
“r a a H 7
n ¢ + r »
il F oI _ﬁ *
. ¥ ﬂ . £ s .“
a- L] -
* ' - K
‘M .-.1 rﬂ l..ll 1.!!.!1\1 Tom = - 1..5 ”.
M 14 A d ad A4 A - A F AL A I E Lk tA EE LA A A 82 A Ad fA 482 A EF Fr,Ad  FA AL Ad & B AP A LASr.r & 44 - &4 ‘a_a n.._
- LI Pl v ¥ [ e g0 [ oy Db [ e . o gy FARAF AN FFSATFA YA ATNF PN FAT P FATATR + rur :..-..__.._-.-.___.1.:..-...__..__ | tarmenerenern Arnarn+ A1 rrrn -.:.._.-a-___.a._-..l...:._‘ G
.- rr r - rerrwr rrrr ey o> - Frrrresrs oo rrYyrew * .vr wErRwrrer - e owrd
~ -~
w L .._.‘. PO X ¥ o = i ....I. EC _ L
: A . l:i..ll‘lllillllli-lll
' H ...1...: .I. a .“ A A e S a a A a  aT ”
? A Ty -
; — CO £S5
-...._._...._._n:......r,....:._:4555;555{551;1iégééggéigiiiiiiihﬂ;! G 3 .-_.L_. -
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ’ ' .
E m F *pr gty __.-..lu_.” e __.._........-.__.......”U_\n...... ..”H.“.__-__u ey AT AR, ..lﬂl._.-”.".-.”” AARARI e a i A A O AT q...“_.___.-.l.-..‘!..._-. PPl
™ . x "r .
F e i R
n -
) m r r ”r W
*
1 *

Y

N ot it
s Yo ' T

-

Ll

v " - pil +

; o
¢ e
.-._..‘......-H.__.____. sy A P e A e .._..._"._\“ __“_______“

1
! ..t._T 2 : i - - -
| Pt el P i L K F ) T o - Y AR R P YT R LT st - L
| ! . .
]
1 . 1 .
| wl.-.__.... £ a4 A4 s AT EM Fa . paa A rFFAd . T A Ay g AL ._._.q.-._.&_..n......_... - !..._n.-._.."._.
| -l‘-'.-i-]..‘.l...‘-]..‘...a.l l.-...—.li.l..l.-..‘..“i-.-.!‘.-..l.-.i.-.-.-1.‘..-‘.J.-l.1.‘...-1..‘.]..l-.J-II.J...'.J-.l.J.. J..-..l.a.-l‘ -‘.J-.‘I‘.J..l-“..‘.l.ili.J-.l.J...'I.
1 ¥ eE ma o mmy AtmmE i ma o mamaEm-Ea A s mEamaE mE Em mam e
! R g i A A S %ﬁnﬂﬁﬁﬁﬂﬁ AT
! ot bt b R A A A L A T T
Rt e . .....__..”u.__._.. e N N M AR R AL T 2
‘. 1"_._1:!1..-:._...11.......11...?... S gL W 1.1.1-.1.11.1411-#-1:&.*-4&%.111'%111-'-.-1.1%
h-..iu.__.._....h WL oed A ._-_.ﬂ__... 1”.\1“_.._. NN L ER R L .....__.-.....i...-..._.-...“ .l.“....“. h....“.l..-ln.“,..”..lt.
o o e e ol
v. }1“\ --1.-h1—.F -+.Ln Ilh*.ll.'l. lll- ‘L..- -l.f‘nll.-.-ﬁ.ll.ib. .I.' -J*-. +~L I‘I.L-lfl-‘ j.l- .r-* *- 11*!.
: \»“Mttﬁr_.-tt.____..__... - g A g e e e e 8 ek oA E AR,
I .-.._.__ A alr w Ln.n....._.__.__.. 1.1.-.._..1.._-. LR RN N Wl e e e et T i
} W i A T e el
-..l.-.- a ¥ . -_.1 bbbbb oot JMa"aTe A e Y A e e e .u._.. Ao R
....__ 3 L] ¥ . 23 - p T Be rr - r.rTErrTr>-a.Tw . ._...-..__.l_-.-_-.i.__.__r_-ﬂ-}..ﬁ__l._._f-l..n.i..-..‘.. B r .!l-.?.

. [ ol T PR et y
l M o e A Ty

207
218
202

Sheet 8 of 24
200
216

128

M i, -
: - Pey

e Ty =

—

102
{fF

T
5 . e,
] L
- l-.l.ur.l..l.sl:l.-_ri.l_ B .__rr_..l_-_
-~ o ...-____..1.__-..._ L]

i _....J_-.-.. .

WO R
. ._-|r.‘l-.|l-.li.l-l- .ll!lll}.l.n..l.ﬂl.l. o .-u
- et TSI R
ey .
h_,__. — e
.!.Jj’.['

g g |.IL|-.I|.1...._.-._l.l...._l".r.|

Oct. 13, 2020

L

FIG. 3A
FIG. 3C

U.S. Patent



US 10,801,796 B2

Sheet 9 of 24

Oct. 13, 2020

U.S. Patent

207

A o ST i
e l...‘-..—n... lf.-f

PN S g gy

T

%y &

& I A " e St ]
R

o o

FIG. 4A

L S W W L BN BN BN BN BN Em

N ol 1
¥ 2
# 3
* %
2 [ 3 .- - - - " - " - - - " - - 5
gy L a a ] a a a a Y iy a a Y -
n x w w 3
1 1 3
1 t
1 Tt
1 t
1 k)
1 Tt
I }
) +
) 1
“ K
kS
i 3
i t
1 )
1 F)
x N
* ¥
! #
.u"q 3
A ]
4 ¥
; }
+ F

FIG. 4C

162

FIG. 4B

200

ﬁ l.r.h.hrh.liul-rl..-ﬁ.rt.h__:\...i:t.!.r.i ma 5

200

-.
.—-.-
A
_ &
F ’
/ \“
s 5
g f
: 4
L s
4 # ) .._..l" --1.
v ) =L
v R’
ﬁ... o £ ,.Z..._,,_...
.1 l. . 11.L .-.I-. ] LI 3 l-. . . '.r1 ‘I.-..-‘-I. I-. H.
.“. -lﬁ..- . \Hﬁ‘ﬂ‘“ﬁﬂ‘ﬂ?_" - T b
' .!.-..\-..l."‘.v.“ et .‘..l-.l.-l.._..!-..l..l.ul.l.-.”.“._._.._..l.. h ‘e
______ 1.1 ..__..___...11 ll.u.;l...__..._._-._.l..l...v.‘. F u.-__r“.....m...l__v_-_-_nr -

F - Y i g
VN L e e
e hf“...-”.......”-.

T
T
u_.
- 'y
" i et I et - ™
4_..\_._‘“ .._..__.-.._.__ oy T ¥
.._._F".__......'n.__ :.__._._._.:..H .:....._r.__...__,,u._.._ .P.
ktt .t.-_‘._ 1..&1..1....&U+.—.......H¢._-1 uu__
i
£
I

N el

T
” ; n nl..-ul . h’..“
e~ I ;
L) K
& ia )t s
00 3477
hTE gy
—.. .'.l. hl.-.
. s “ ."-r..
W% 1Y)
o 4 .
Tt
L
o
.-.._..-5.1
"

+

P SF v L T

Twam et

182

220

168



US 10,801,796 B2

Sheet 10 of 24

Oct. 13, 2020

U.S. Patent

FIG. 4E

. 4D

FIG

0

163

e ma s anme ™"

|||||

\r.“ﬂﬂ.ﬂillu.\lul.i.i.i.hhh._-ﬂllbl
FN N & g d X

Tk A .

=« 4 F ¥ F r - F ¥+ -

R I T R e S

llr-.—.lll—.-.‘l—.!lr
.or

-
.k s

-
-._.-_.___._-.-...- l.._......
. » . .
l.l.....11l£.1-.1-.1-.1t.-....- -

218

60

1

S
ol o o il

ﬂm\% 00

LAl AR, ~
RAEAHIL O,

s 5

e

-II“'—‘III1‘-I1IJ. L

e

i
RO

» :
LI .1.1.1.1.1...1.1..l.__“i._..ﬂ_.n.n. L

[ ]
- d 4

R SR/, A

2 i h : “.-I‘. .- .ﬁ. ....-. ". .”-._“..”-..I..-I‘“IIHI“ ”-I”I”I” ”.I”-I”.I“”“\h.'l. FEERF A I.-"-l”.ﬁﬁ.l‘-“‘.”llll'll—.ll ]
-. ' R r -..-. "-. -” lr.l_..-_-.-.l[-.l.” e RN PRt \1_. -q_. ”- » 1" . r “

- w A A S %, e e

A g (O S R T P sosod < T

a .- ..-..l.“.l-. “1 l-._-. . . . - r s . u . -
\/Hw.._..__ e M uﬁ“i.liﬁ‘iiﬁnhuﬁﬁunﬁ.ﬁﬁ ._.__._-...._-._-.q_.._-.l_.._..ﬂ.ﬁ..q_.__. e A Ll .u”..u..ﬂ-k o )
i AR \kV\nﬂiEﬁﬁﬁﬂﬁﬂ\uﬁEnﬂH\?uﬁhiwh

ot o ™ it e l\“l_.._____.___...._.
-

4

-% | ]
.%. |‘
- L] : ] - - - - L] - - - - - - * - L] 15 - L ] - - - : ] - I.
T T e T A R A R R Rt R g R Sy T
Lo O SN O O O AN N O O O O O O O O O O O O O O O O O O O ‘.
‘-q-. " F B &4 4y B E B N4 BN - F N dEFEE I B B EEE RS FE NN R d I N B R B R EREESHE ¢ ®H 4 H H EE I N NN RN Jd-- N B BN EE JdEEHR " B A B B B4 FF AR lﬂ-
] [
" ~a -.....u.ru...l ..._.ru..._-_..- -..
v .“n L Nl Au T . ’
) - ' " r ’ N
w o 2 . } 7 .
A T 1 ’ -
F o “ ] ’ 4 l
. b ' 4 ¥
A W A L tpresest -
‘- NS 0% i ;
l... ..1..-.._ - Fl r I__-..u-\\-\-. .
“. P _-ll. ca n“
) ".
. i
. i
" .
-l r Ca r e r - el PRI N RS AR A s - e s e R r sl rr e r e ey
PN S e W S e e e LR e e
3 4
il ra
: ;
| |
s ;
; z
F L]

M & 2 4 g 4 & 1 4 4 m 1 d A& kA& A& & kI d 4 & & 4 & | J & & & d & bk 4 & & & 1 4 & 1 4 & 4 B Jd 4 & A& & & E J & & & & & & B J & & & J J B J & & & Jd 4 & & & & & I 4 4 & 4 & &
FrFrFrFFrFrrFyrfrr-FrrrrrFr-rrFrrrrrrrrrrrrrrrrrrrrrrrrrrJsy rrrrrFrr-Fr-rFr-FrrrFrrrrrrrrrrrrrrrrr rrrrrrrrrrrrrrrrrr



U.S. Patent

Oct. 13, 2020

FIG. 5A

220

. .
r
L 4
- T
L -
r L L]
B .
_"‘1 T LA
.
j. L
A
P fr

"
“r ' tlt
_-n.ii *E:.-' . *.l-
™ E t" x :.':t" 3
e : R "
L * +
¥ ] ':‘,' ‘!
> .
b

L R

TR TR TR RN T
4 +F ¥ 1 ¥ -+~ 4y 4 ¥ ¥ fru 4 | N B L | * 4 n N & F 4
L]
.-.r L]
L |
-
- d
.
-
.
L]
Frr m n
. R, .
P . )
Vet
s .
T
LA
s
- [ ] .
&
W
d".,.
- =
l.H-
L
-|"1,|,I|L
-
*s

= ¥
i L
R TR

168

FIG. 6A
154

am =T - o
o o,

—
- - e

L T
- [
»
: b
M 1
J
:‘ 4
: 2
. 2
1
Yoy
Loy
o
N ]
oo
. 1
1
rl I‘
rll‘l 'll.
gooF
J o
.1': ’1?'
d /o
s Ao
+ i E r
1""1....,* l"'_..ul" .l'.
: + ra oy
-
-
- ' 1
- ".\Ir -F ’b
l\..f- = _.--""_F -
-y

. e --

AN

Sheet 11 of 24

FIG. 5B

177

» .
L]
it

S
R

L]

N

) h-';"‘::":*‘,\m; h by v
R e

US 10,801,796 B2

FIG. 5C

"

176

170 1}77

n.-'ll-:;.;.' .'-"ill -
! P 1"-.“‘-\." - '
SN,

FIG. 6B

AR IR A ey .

%\ix

o winde \"%‘%ﬁ



US 10,801,796 B2

Sheet 12 of 24

Oct. 13, 2020

. 6C

FIG

192

FIG. 7

180b

FIG. 8C

FIG. 8B

U.S. Patent

154

190
191

FIG. 8A




US 10,801,796 B2

Sheet 13 of 24

Oct. 13, 2020

U.S. Patent

FIG. 8E

FIG. 8D

BN R A At X TR
[ aF ] & F A Fo- - -

r . r r r
I.__..-.-__.. + r - _.._. - --1.11.__.1-.—.... E L -....l..l_.-l.-..-..-l.._.
r R ..II“...I.I -.71..-_..-.-____- LA -l.-.._.-.l__.
N N L L
iy e L_._-_.-._-. . r .-.-__-nt-
- .......l.-\_..ulu..-...__llun.. -
F e g e - - .-..-l . .-ll.-‘_..-.-.\
rEE o -.-.”H...u....ll.._._-_...”_......_l._..l ’ nvﬂ._‘_l ..___.b-.ll..t._..
r o ok ohoT e --.h.-.l-.-.ln.-l. 1 .-1...-.!..__171 .-_l.
-_‘1. Lo r e l.i-.l.i. -......- .Ii.i‘. hl-__.--l.__!.l..\l " !l".l_.
.....l.....'_-..-_ -r .l!h_.h ..-! , l!._. " .-..
- _-_.\__-_ L] 1_-..-... .l..\.l -+_-..._._..-.- e _--
I.T __.--.”-__-n l_-. .._.- ._l.-____.-._.-ll.
g P
i R ..-_.-_ atet "
.l-.l. - - - ...lli i- ] l- -l.-
e e e T,
-1.....-.-__ ) |i _-.- .-_.._._.l- -l.-.--.- i
LI ] L B 1 - N
[ ] LI I W aap
] ” 1 L
LR N .____..._..\.
] [ ] L) -.I
_-_- ._....1_1 L = l.._u -.-
= LI} .-..l- [ L | _..."._.
-_-_ 1-.-_ -.-.ln._..l-..-.._ “
" r F L] .
A ._f...-...v.
4- v-._-r ..ﬂ..—..___.-
‘ . LI
.__“...-l_.l. _.-_...—.11!..
- .-.1..‘ .-..._-.“\
|i.- o -.-.-_.__ 4
-.l .lii_.. .l.u-..-‘.l..
LA
[ ] N - -
* - - .+
. e Wl
ry s St
- r - . |.Inl|l.
_.1 o L} ._....H
e L £
.I. ..-. -.

k!

am T
- :‘:":;.-..-.g--..‘
Ay,

P
r- - Hi":"
e

- m m k

- =y T
'q;,‘_‘-:-."-"q"'

1 -

.
r-Teow

Db e

re m 4 41 b mmor |
=

(OF S RO L
. . + . - H BT 2
: w DAL ik A
T - - d a - r - nr A
2 ,ﬁﬁn;\m.” Ll ey
and el e
R 3 %3
e e oo
L " S S O
S 2l AR
L e ;oA
AT R iy mn
RO w Al
-ﬂ...-.b L} -, -..-. -.--..”.-.-.
L] ._.“. v B

o -
L
- 1
u

+
L

AR
:‘- .‘:'.""‘\- [ |
e

-."¥1l o

M
T = ¥
'l

N

L3
,.'ll
[ ]

] '
- -
o % " o
i“....1|.ﬂ._. .-._.__..-__. . \l\\ “ate
..1 [] ' 11|
.ﬂ.....__- L > 4 - _.\..
G,
! - -
.!h .H____.___...-_.- _---. r 1
....-.-....-.--- 1_.1 l-.-..._._..-.h
N .-..-. l_-_-.-u. lll
i_-ll .-.-..-_-. .-_.-_. * ..-..-t..._
et L) »
e -.._._1. [ L) L]
.Ill - Y L -
ot a W ih o
AN R A N
A kW * L) T F - +a
.-!__.-___.Hu...____.u__. . ._-!-_..”1....-_._ ..-.. .__.u..-.....l ayry .
l.l__..-.- - .l.._-.”..l v, ..-. .-...1..!.!-.__ e - ' l.l.....____..q_l-.l_ roeme l..lJ....-...i..
..-.-“..._.“- “l.....“.._..l-. I..._..l.”b.q.“.._._.___ L R h h h - o, T _._1.“|
...‘l“.‘...-k.__ﬂ.-.i‘...\ - om l...l-.l‘.l_._..--.n_l_n..-1l..- l.l.-._._...l.1
-__-U.. P -a....il.. -nL..r-_..___.
A T e -
_-.-.l_-s. .t O _-.—_.-_-\._- r e 1.-. Il\_ll
-.-.ll._..__..r e ._I..__.lﬂl.l.--.....__._-_ i S
l.ln.l.-..-..ﬂ.-l!.‘:..." l-”... ‘a -.-. +| LR ] |.-h-...-.”1"+ lh-.-.l
T bl e
.l.-.l.l-.-l....l..—.h ey l.i...i-.
- -.-. '_._. o ¥ _-...1
- - P F .-...._-r.
H-r‘ﬂ -.- .-l 4-_ i-.- l-_I
.II. ¥ ...- ._..... * -._- 1-_.
ol L] ] ¥ . [
* .t J . " oa F
N L] Y 1 .._-_ *Ta __.-.._.
£ . F . R Ll [ "
. - L I " N _u-
-..-_.1 - ._.___ 1._. ____. -_.-. i - --_
r - " B s .-_ _-l -“_.
r [ 4 T I + 1_-
-.1 -1 J. -. [ .1.. -..
Mt r . ] ', . Fe
] ] ] 3 r ] ]
\‘.-. ___._. o -___ + t___ .-_ , 1-.1
+ . [ . L] - a i A
o ¥ o - ’, * r i b i
o ¥ r v ] ; F . ¥ ™
- e L ] L] ] ] L I £ LI
p ] r F r [ 3 » ] r -
F) L3 r . k- ¥ L t "a "
- .... -.__ " - .- - + U -....'.1
. [ lh_s_ L_- .‘.li ._.-. _-li Ak kor & .”-_ .-._-. .l_-.-.l
o - ] a
L] ¥ - L ' o+ .
”.. ._..- .-..- ..._..._ et S s _-.-_._. .-.1-._1
[ - = - -
- L | » '] L] 4 - . a L] L Y
'3 1 ] K] L | - . | x
" _.__ 1 " L.-_ et - = s L
L] L] [ ] L] ] .-.' i -... L}
. LA o " . "a ] ~
I L_- .-._. ...- -_i . Pl - L] Fl
" ¥ Y uw . . L *
\. -.___. LY = =< - . e LU N I L 1
T L] .- LY _-_ r A" [ - H\i“.._“.- ._._.-l-..-____q-.l__.n-_.._ -_.l......_. r l.“_.-U R ___._
r v___. 'u 1.‘ .-_._. L .__.__.1 L .._“._-.._.l.- ’ ...... ST .“l“_-.u.q.. - L
r L] o - et - Fre . Ll.n__-. LT
...-. ] LY JERN T .l-_ _-.-_ " L ) I.-..._. W .___—_.
l_-. ' 1. -l 1.._-.u_.. . A ._.-. -_- .._..L_-_. S
. L] L [ ] -_‘. r .h et [
-..__ ' " F Pl w ate Mt
o4 * ] L ’or = .-l-. 4 - w -
-_.-_ . !-_ . l... " -.....ln._.l... * _-l a -.-_-.1 -_-
[ ] ._..___._ v .._- - .-_-.. a ....-...l._- - [ L_..-_ .l..‘.-__”_.
¥ L » -_1 - P " - 4" -_.-._. =
.'—. ..- __-. -..l - -.-.- . lli-_.l\. . .l.'..i_- a4, .
] » 1 rr . o
r b hn o * . .“v.._\.i\ 4 v vh .“-.__
r - SN
- ..q .- .._-_ m - - Tt ...._."
r L 1 "a a4
" .__.n._ ..1- " .__.1”..__ -
ﬂ.. .._.-_ ___1 n__“ ] lhi HL ._.n...-
- [ ] + ' -.1.- L - !.-._ ! ._.l
; - . i - » i L
.-.__.l. 1_- > . ._.-. LI a ......-.. . . ....l_.
A, -.h ..___- v .-____ n-. ._.”.-H..”... . 1)
n L] . . - . - Tt
o , r - LA L B - [ ] a
A A ...\. P o
L L] - . - . . L
___.-‘. . L .. T -.l_-_-_- hn.
r . . E !.._.l. ] LI L]
.1.--.1 .-_ 1._-. l.uL.-. L - T -~
-.... k ..--\“\li.-l.-_.q\ e o~ " - v
-.l-_-'. _-..r ..Ut........__...:.!..-..__. _....._.l.!..u.q » . 1..
Pt T . ..-..l-_.. "
" l-. -1-1..-_.1._ - l.-.l_“ T L -
lil‘ - ._” ._. .Iﬂ.l B P I.lq.-...-..w I - - -
.14.1- - -| -_-!-."- - |. Fl FRF R I .1 . e 1‘.1.
l.-.___.-.- ) S . " - rmm - r - l-!..-... -
a .l. 4 nnl l_...-._.- [ - - lq._.l. P e
-_l.. ] -.-.I.l.-.-.l...-iui.l-_.......-nl._. ..........h.l.__-._-.
’ e . . Tt r
L] .1._.._1”___ .-l.__-._..vl.1|\.”..-1\\| -
L e
_._-_ et " 'y -
r .—_-._.l1 _l.-. * _.._ r .l......-..-__..-
L] +r L] om -..ll... LR
AR - ] am " .1...._.-..-._- -~
r "o * oat -
mnr ¥ . -._..I - -~ - =
__“.-_.h._.”..-_ . . 1”__ ] 1 g L )
LU D r r ......_. . -
e , e
Ay o
o

L]
*-.":'
vt
1" l"'I ]
1! [
] “:';_‘I'
d
.,
+* I-IIL
v,
-

R - - ar r
T e e T A



U.S. Patent Oct. 13, 2020 Sheet 14 of 24 US 10,801,796 B2

FIG. 9A

252

250 271




US 10,801,796 B2
100

262

4

Sheet 15 of 24
]
|

FIG. 10
'|
|

i

i

-
" a

Oct. 13, 2020
180 182

U.S. Patent

142

L
‘Il
C-p

) gt g N R U = i pe g N g o g g i g g N E L T aE e g g g N i N gl o g g N N EC B = g g g g R g g g g

’ /
/ B

EY YR EEYYY gl ATyl NN ST e A

1
1
: - ity O 1
. R A « v _ _
: d 1
o L 0
T " m = mmaad - mq r = | - ‘ " _ ‘ﬂ’.
~atas @ T W OF OF L - - R 1 - _
h . - -_.._nl__ _
e T "], ! g _
F - T == mm. aanr r - o F.n . .F.II :
roT l““““““““” - - d 4 ¥ F FFF - FI I n". - \ _:.1 .ﬁ\ :
gplieplioplilie ¥ S ——— —r e o oF Ay .ﬂ
il a o - !L.:.:qlrruul.l - s i el J—— . g .
L) lHH.nuu:n:...n..l..q - = T N I B B LT "._ . r_..
T . - - a == ra- ) ’
.. ........1...:-.1 ..I-I-.r1ru-I-I-.._1.._.I-I-I.|.|.ql.||-hﬂrnE..|.I-Il. " . !
-r.l-.‘11ll|lﬁ HI I‘ll-ll-.--.l-.. - 1 1
...-1. e m ) | — 1
OGP ) = 1
.._I.llll..l..lll.r-.r-_..“.I.“I-...\. — ... ) “.
- -
. ST m mommom.a in ’ . :
- aawrwwrr e er . 4 T
-~ \ P
» i

LMW ww e momomoaoa T i
- a LI e .
i R :
N r —— gl .
oy =maTaarrm A o
- . -Ilﬁlﬁl‘ii...‘ .
. mom c
o Ty = .
T e i .-.._ rrrrrerrr
e mmmammaacr
o o - mmaTETTE=-. y
1 o o T
Fl 4 J
.__.__-n y . = - - amm @ dFFF - - l.l ...””_1.11
i lt - - LE N AL R . . .mn
g g — el S
/ - e i i ggeiepieplianli [P SEp———
‘“ - T r v l.ll.‘.‘*‘i‘- -lll1 - - -'-I.‘hl‘b
Y DrnnnEnT LA e oy
"y
"y
"y

T T T m mmama

P pp—— . LN —=—r e
wa mTa g e A o el

i - P —————
o —— i e ——————— N W -
R S — s ae e e mm e
P S -~ - = smmsmsaadddsr TF - =T eTTATm vt
......... gl e gy g g ey Sy
uuuuu -l L mm u
- a L "B S ™ Taz o mm s RS
—— el Tnlnlnl "a deley”."s plylyn .y ogegem . 5, —

T T e m e e a s ammm
T, CarmaEAam o T i

- 4 4 4 F ¥ F F Fs

. I I e | d 4 4 LN F¥y = =E =2 = &2 3 a3 - -

rT T m
- e et et - | I W R R FFOFOF TS = = - s RO
L] T E m s smaax
e cmom - - - = a a arrwF - =" - - -
- - - =

- - adA aar T rFrYr v a"a
gl F_T_ T m m == omom - . w L i - T iy I
-1.|.. aaa A dF R . ow o - m " a2 aa s T == maaaaa aa rr -
>y - oF oF oF oF F T ETEgyepepleyiy rarrr————t—t i auaw -
gl o o P A CAC AL, ".lll.n|l|l o oo

._.p._._.p._._..__ “
f

f

.

...............:..........:................:................................:................................................:..................................................:................................................:..................................:....:..::..::..::..::..::..::.__...Fn.

El kL L L L L B B R B B R N e g pe—
A  — e p— Al el J A PR R o of of off of of of o o il g 0 o
pr———— s A o A AR A AR ST A el " P il

ATt A gl A AR FEEEEEEES o o T T T T M Em " - - rmos s mamadddd - L) [ | TTTTCT - i - P PSR il o’ -
Ta - - - - . mE =T o mm amsmaama.a LRI aw L N - - rrryreRREERE il 2 2 W W —— d
arwFrr _ [ P TR R Spp— PR S S R IIIIII‘H‘:HH‘:%“i'E .‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘““““‘.‘““““‘“ﬂ“n‘n‘ 1.—._ d
S —— o F T T ————— e — A R o N i .. . - L

A L L L A N BN EEEFEENENEN o ol ol e rTrrrTrr L LT - P, .- - a s s addddwwR - w'm e AT [ ]

i o -y e T T T T T i i aaemeam . - ot T _T_T_ = rma mammmmmaaa - ar FRC BRI I A . el i
I T T T e s ee s TTiTIIIIL 1LD pn WLILILILI e e LTI ToToDT T oIIIILILLL S LI LILILIDED R D it ot ot :
_l.-..iinnn L e TR Jup e ———————— o oF oF oF O gl A A A A E———————— d

e —— - DL B e e e ‘

el - A i ———————pe gl e A —————— o o F F Ty e i e e e e e -ww y

Sa ——— o i STy o, ——— . T L o s Adaaaa mw rr rrrrseeees L R TTTTTTTT - p

. T T+ T m Cmm mmammmama aa e E R FTTTFTTTY o cr s rr T v ommmmm, — em - maddawmeEew
mrrr - - a - - - . e e e e e - - - - - ar e A A E E E EE® ror - L] CEE N R R ] - - - . " mmm FFFF
- - - r A - A - A 4 + ¥ FF FFEFFyr.s - o rm R = = &5 a2 &2 3 a2 a - = . et e = = = = o eeeeeeepiepleplepleiepiilelle FN N N ‘
=darrT o o A EEggegeyepiepepiepiep gl i A i — FEEFEFFFTETETEETrFrTTT i
R T N N W W N W W
& p——— il N g & L 4 & 4 i m masaam - R o L o o o o e - i
-n-.-.........-un.nuu.__._.. e e e em e ee amam R o am rmE FrrrrrrroTT +* =2 cmaasaamm A rw, LLSLLLT T T rE .“.“ “n““.““.“.___.l- 4 —
i . - aaa aa .. T L I -T1 mmmmmEmmaa‘ aa Pma amAddaaaaAw L] rr- LG AR e R Tet- STeT Tam e s s s A d
rmr mam mamaaa .
FErEFEFEF T bl el bl IS .h
- N N S i i i i T o o o e ,
n_ R O =
l.lll.l. L - m A AR A - - mEe T TTTTETTTTTS - - LA - A ammEmEEm " -, L T T T Tt -.“. ““ :
- aaw - W T_T_T_m om m om moam - - A aaawrrrw - rr S=te =TT - TeTer m P R R ' Fl
.r-_..-.nulll - e i Tt B L L LK XN o o o o oF T T e BB . d
“lﬂ__.l..l..lllll. I i N L e .__.-.
.I.JI.I.I‘FFI{FIF}{LI.IEI‘.‘-.‘.‘.‘-.‘ 111111111111 -
N A o o etk I AW il - it mmmmm e == = — e i aa dmaamaavew rr Frr et ‘m'e umam. E s rrssss a4 a“r -__.__._...__..__.._...“..l_..u w%.
ﬁ.qqq:: - e AL T_T_ T “q “n . ot .. L. L. v v s mmmmmmaam iaaavvwwFET
e AW T TS _ e o o am am r L] =
AT T Yyl ek, £ o i T
o A E———— e ' Ran T T e e aF oF oF oF OF
el J7 MRRS————— R R R R O . . . . . . 4 4, 44y ammmuaas
.. L P e e r rr 1‘1‘1 rF_F B N - - - - - - - - ) ~ N
H.l..ll‘rllli...:.._..“ el T e - - - T EEEEEREEX - Se'm e e e e e wTaT, TaTa™ A, Lttt l.“1 - _ i s -
B B A o o o o B o B B B B B B E B B B Rl oo e e o o o e e o s s e i i e sl A i i e e o e A A A A A —‘

<
e
T " " T T

___Ju__.

q“““““‘““““‘“‘““““‘“‘““‘..I..I..l..l..I..l..l..I..l..l..I..l..l..l..l..l..I..l..l..I..l..l..I..l..l..l..l..l..I..l..l..I..l..l..I..l..l..l..l..l..l..l..l..I..l..l..I..l..l..I..l..l..l..l..l..I..l..l..I..l..l..I..l..l..l..l..l..I..l..l..I..l..l..I..l..l..l..l..l..l..l..l..I..l..l..I..l..l..I.‘“““‘“‘“““““““““““““tk

Section A-A



US 10,801,796 B2

Sheet 16 of 24

Oct. 13, 2020

U.S. Patent

FIG. 11B

FIG. 11A

100

182

i _m.._._._
M %
’ T
¥ *
d *
: ;
. Fay
r

|

e
4

L

150a

-l.l..
.....Il..l.l -
LI I QR

220

ey o~
Py nn ._r.-.l.___..___....... :..._..
)

M 1

+ “ L Ta
1 " * L k
i ..}__._. Fu ....l._......‘.
— N -
b ..“.uu-. e I T A -1\._:........
. A rmoma oaw =T [}

a
i}
‘Eﬁl‘l e o - ..r.....-_-.-.....ﬂ_..

Ll - h..\ . -
- -
T A A

lllllll

" -. r - . [

[ L] - - . - . \ . ..f 1
Y 1 L . T y " iy *y __....._. I Rl T u * = ! v'b/ *a ' K
uu .1‘_. H . . A ——— L -

_ - " - . - . " .._. -..-. .f-r.‘_.
s .n.‘_ £ .._—_ oy ...‘_‘ r . ., . u_r..-L._-.-..._. o~ - ..-.___.L... N 4 -

- -

e
vr.

™
-
"--q“
.
.
Pl
o
El
'_l'
-
.
i'-'"“'n_"
r-i‘
il
L
-
Il.l
L
a
oF
-
=
'f"
[ ]
"
L3
F
-
.
e
t
k4
(T TP
a
-
_
T
El
-

F
P !
' Y * . L - ot vy N
) { "o, L. ! ......,__.u_ " s \“_.\ f... a0 . _..........__ g ket & * 4_._" ' w_._.p-.w.
e ‘ﬁ .' 40 .._._.i.. 1 d.._.... '.... .-.._..,. -‘M F...u__._.._ .__._... .__.._,. ...._... k nw... o+ F .n.._.,.. : —wn i
LRC - L =
.mr .U -—. 1 1 "J.:. ._...- 11 _I_-... H.r._. .__ n.“." ._.w -ﬁ ;........ .r-._ ._... # \.'\;-F 1 “#.... __.;
u..—.-. H..- ! 1 1 .._‘/... nb. i ._,..r_I._. __.l....r .. w‘ ._'rln l...;. - _.—. l.___ ', .-.JII. ...._.h m.“ h..ﬂ
“. ...“..__. H “- n ’ t u....n ...J___ _...rr + "1_. T .._| *u *u m._n_-f.. m\-'h.l .rl.__.._.... _...r.__..r u .“.“.r i}
* 1 . fx ™, ! u -~ F rs . N, . ) Mua
) ) " M 3 g F i
i .........u* ¥ b i i 1..,.. ._.._... _-....1..._ f 1._._. i .r..l ___.._. ._... :.J..b.-!.”... __.t,...q\\ ....-f_ | .: !
F] 1) r LI 3 _. ¥ " - H P * e [ " r__ { e, q-.
i, w.." ." M ....“. 1, * ™y A e u AL LTt fa vy
" ' ...“ i ] i - ] # », ...____ ..._r..._ ..._____.. u___.‘__ ...+4 ........ -_...... ..fa -...._ ', “w m
1 ' (R k . *y 1 B v - " " Y il "
L] ] f r- = -.-.....;. #H ] L L ' x..._-.__ -.r__. v .. .-..-_ e -t . 5 -.h
i Fi
r

. L " b "
. e . e .
ao - Y ] ey

b
™ L L] L] - b
L3 - - L] " oy m o m g war -
- ...-..f-f... .pm__‘...“% ., - *, .._..._r... .__.:1- .L. - \L. .._. ._-_

o,

] e
....I! .-I\r n e a L] . f _-l F
m, w " - L .-n - L) £
A N N S S A AN
LY . L LY . .M.u
_._p-.r..._ __.._......_..._ i
T 9 0
N
r.._. " -

4

Fallul T - T
[ -1... _....._.1 L
. ar

Irl
-
e _..-r-..w..........

b
1
,ﬁ.l.l..lr...u_ .
.

.
oy > Hr b o Aapm
Ll - Y -~

ok
'{..f.-t.r-..-r..l L]

-
-
.,
r
-

Section C-C

B

Section B

11D

FIG.

11C

FIG.

FIG. 12B

FIG. 12A

Y . a
‘ﬁ . 5 ' (I
3 . . .._.
O Ao Ay
1 P 44
A T R
L] ' -+
S IS AN
L]
” ] w_.. _.._._...
._._. __. u..._n ﬁ
I 4 M: ‘-
e ] . ...._.j. "
.m F". u .-_
f i T ¥
F r L 1__-..
—.1. L]

220

!.........-.rl. o

-
it P L

R X
T L]
e Ch S
- e ode o - e T
(R L bt T R Lokl LT
- .r___ .i.-._...
-

.l..{.’.f.l ..-. .l.l..I.

-

...r...l.:...:._}!...:.:..i...rl....
-

e r
‘.‘ ' ~F - .

FLE N "
ol T

-
-
1
-

A
‘F“hmiwqu-ﬁ#‘r“ﬁ:*::-h'“"

R

L L]
- - L]
. v .
-.-. .-.-.I.I.m.l.-. 1..—. *-}_f _.f.'
" - ,
el AN
- L] -
nil."_-ull.q.-.ll..l-lq. .-.tn‘_.l.l.l.i .._.. M
. i *. ™ k w5
n L] a4 b ]
.‘.-..l .l.r.r -.rf#r N-.'.rr _'. :r
: " T AN
Fa [ 1 " N
.l..l —-f . x 1
LN P4 S S "
Y . . ...._ .-u -...".....
R AR A m. .
. L% —_.. % ___.. A
- . .._...._ 1 u___ " 3
Ak P r - 4 1
- - - ] -
; : ST P e
.—‘ -_ i ._‘ ] r A .r._-..r “u .-_ L.I,.-.H.l.{ . M [ i._
T RN e et RIS o W
i ' . . . ! T o I
E .W ._‘ T F a2t .m 1- . ..a___... s s 1 1 LA
ifof ol p S, 4 AR
* Yo ] . * [
) i -..-. h_. M__..__.i ._...T.__ m“_. ..-_r_-.ﬂl‘..I.l__..l..u.-."_ .__.-..-.1 “... b
' i T ' . . e N ' E"m 40
T ! ) . .0, - M "a - ,“_ w___.t _"
2 ' ' H .“ L ", ‘. . x; ..__.,“r.r.~ _ L
R { oo 7
. . . X
4 e A 3 e J . f....\.._,\..._“._f..\...n P
' - » . i s
.LL. a .._.: ur. ., » * H. .W
L . oho: b
r + -_.w. ¥
Lo

-____q_.nr..- - a v -.v‘.\.-u_._.ﬁ.. . "
......l._..ll._....-..._..___.l...l-. -|r11n_...-.“-..._-.ﬁ...|_.i... .l.....-........-..q‘_._.-

]
—.a P

o W oM e b .1.--..l *

-
r

N
Section C-C

-

Y

n
‘*ﬁ"'"-i-.

T

-

Section B-B



U.S. Patent Oct. 13, 2020 Sheet 17 of 24 US 10,801,796 B2

FIG. 12C FIG. 12D
100 100

R .
N+ 4 ‘q\"‘h'ﬁl:‘;:'.m
1':" ‘: ! ""h- '
R R S
Tty ._1"1_""" '

NN NN

N A

PR (LK R i g .
A .- - N
T e N e
e

o .': \_:.g:'-p"-l-r"'ﬁ-"\i"-t.

Cum "R
e

n
=T
3

a .

$ s EN
RO I8
3§ 3 NS g
.':: .‘ H.%“‘ ;’b“-i{': Ty l‘.\r’ AL
"y ‘n * . ol - a - +j .h-
‘i-.ﬂ'-':::l% DR *,5""“% :'{ v
w0 AR . R I - N
}oreX R S Wb £ ow SN T
T r SoAn s $oa g T
oA R S toly SRS
i._i-" :._'l.::k . + %: : -\H ﬁ ::,' . &I. "“\5 * ;
b g I L S i o A
..'l-" o ."..:: N N B 3 ) #‘E *.{h';'l{‘ 1-" ;: .~
"{H“"{{ ' \ "'% . \"ﬁ z
r'l." ;...:"". e W) - I'.'l. b"."::lh ': Y

. axﬂ‘f,
!

LY

et
LI
T

;{-t"\

it N
. %&mx@# o
mmum'{:ﬁ?‘:ﬁ‘%":&

159
unlocked



,796 B2

301

2

Sheet 18 of 24 US 10

Oct. 13, 2020

U.S. Patent

FIG. 13A




U.S. Patent Oct. 13, 2020 Sheet 19 of 24 US 10,801,796 B2

FIG. 13D

228 /

rr.r.-t'r;:,::' .

- .--'-;:l:-;-'-r

e

1
-

FIG. 13E




U.S. Patent Oct. 13, 2020 Sheet 20 of 24 US 10,801,796 B2

FIG. 14A FIG. 14B




U.S. Patent Oct. 13, 2020 Sheet 21 of 24 US 10,801,796 B2

FIG. 16A FIG. 16B

143 142

Y




US 10,801,796 B2

*

'\..'l""-u

|
|
|
|
|
1
o

4

1

o e e W T A N T ST T AT T
L) 1

P A T

a
-

E R R L L Y]

-

.

|
|
LI R ] .—_L_“

TF T TT2"TF XTI FFFFPFTEREFR
I PRI £ o

: LA
T B L i L “
- FER N ]
L s
- ~|||L_._. '

.3 |
F

114

. -

-

-

- vr'mw wvrh=wwrs s m=
LA

1 -

o
-
-

Pk
‘-i
Y l_;\"'ﬁ.!."'-
= W -;--'I

s

L
*
3
L R RN

- mmoLm
- e "™
-rpm o wwm

-‘"I-J‘

TR omm o mw m o

!
l

S
-,

nx!

Ty Ty -

-
L

5
0
N

TR TR R
=
W

kT T

= P
R T R G AT

-
ol
3

FE % rFEs LT AET LR
B r'sE AT TR TE T TA

d
i J

™
H

2 rw Lrmwrms
-

v wrwmm ww.

CErrree s e

Sheet 22 of 24

4.\
]
¥
3
‘
a
¥

F
L e
>

T P

!
4
]
1

*

]

H
F

_ . dommn o pLr

4 - -

A =T

-

4 m e LraLmw
wrd wrma wm w wh

canead
. pn e

- -

1

3

T

%

T

T

t

+

x

1
——-

] .".n_l_l

] .
L T e b om e
* Pl
] e e T T

_...
Kl - .
. A

. |....I-.-. .

-:u.nrltn?lpra.h..Pknt?trthﬂa\ﬁw

emeemeea

£
1

" P T R
wf L
L] -
]
N l__..r - - o e -
¥ o
r 4
. -
y v
r d
. -
¥ L |
» S A R R S R SR
.

e T e e L e T T i R

Oct. 13, 2020
122

U.S. Patent

Foe o e o e e e e e W e

..........hlul.ul.__.l omoap
. ST mmy e Fd o

P

L ArFr -
-

LN 2 B N N ] N 8 NN NN KA
RSN L

b
T
ﬁ'q
Lk
"
E

l.l‘
£t
H

I
"y

Wt e A iy

L. - St E et

120

B U T T g

» - . ~

. - P i ol ol T o L e oo A ' ! ¥

...11!.1.1..-..1.!.1: ‘-.-..-.._ Py, - L) - A e e A T r
-

¥% rr T s = E a0

= FE W k- s =

[ Y

.l....q...-.....u...”.u..ul.__. R RN

ek e W W A e
nd oy A r
A -

ra

]
A A A .

Bl T et pll

.. ra.
P I e

MM Rk e ar g
- -
- N E L RN

DA mamom L ks - -

WE A e R P R F i x 2 e aa
L L S,
e N I B
el i I JE S
IR RN

LN : e
.l.__..-..r...l.‘\L-._.L..J.l..... ha..h.q.: My WA A

™
X ol A L

ST EA s L e A A H
7T R R R AL e - W LA

[
e
.-.............-.....__...._..._..-.._...-.........I-_... -

'
.I.I.I-H 8
T o Bl g
A m s oma oo = - a

A ¥ w e T T W T T T e e

ot T

C TP b em - -
P i e R P e T LTI e

[ - L T I T W — R
- ...w-.\ U_....' A e AT AT AT T o A e " T
i

. T T oA
TR I Y A ]
.—....-_.............-1.._.....{ LR R A

Yy e Wk B e N W Py o e Py

7

F
r

R

..._.,..._.....1.......;1....._..1.1......1-......:1.._......,._.....,...,._.....“-.

L

N I R e e e e e
S A e

EEEE ]

o IR Lt Y

_-.1|......1.._.-h|:.1|......||.-
wr o ar .___.
._-......_....1..........._1.

ST AT AE R A s e, a Ay L]

P R T )

- — - - =

I I Ty |
el ML LS + A -
e EE a I A
At P A v Aoy g -
-

T T b rrmEaTTE -

"
P t:...".._L.v
i ] d

il alal Sl o bt ol

-

-

L u_....—_.‘.....l...—.....__._.-. aAE

ETY4d B FFAEEF YT CNTT_
ll.-_.-.—...‘.h.-—u._h._.f-.—.l_-r.ifrlr.—.

.-
LR 4

: -

- om T - "f i mrrwawr -, . 4

h.‘u1......l.._..l......r.—_.......lﬂl...|...:....__..-. —ETRFRA ST T - L]
-

“ -
qu.........,._....ulxl.u..u-.*._.....__._.ﬂh.....‘.- LIE R R Rt
Rkt i NN Lty

A T T A A

L A -
[l

e e
rrErryrrFrEr LTI EY o+ "

Tk bl bk S G e W S M ML MR W e

I

il ale I Y )
T e e
T Fr Fl amwern_j _—

1

Tk
i
S FfFes sy E r P bk oa -
» i e s

- -
L]

FMAF o g R k.

L4
-

e L DT L e T L L

e T T .
R R N .. ~

L |
e -_._

-
v, e T T or e T e

o
R A o i o e WL L et
I.......l.-.I.:..:..h.........!ll.l o etk =

i L R R R T I I T
n L L T L i DR S T R QR A B - .,

&
L - a . vy e
" . . . .

d E - AT T A e N K L A g

L ) . . . )
o r T T T R R L I T T S ey T —T s raoca-._F
F r ST e
k

L T T T A

ot it L ekt g ¥ e r m e

I I N e .
L R et ! L LA B L NN A R 4.
. L T T I T TR S R P

i e A N T Y AP

-m & am = 55T AF

4 X - e
L] Tarwrwrrra
A " AFSd A A - L TR R I e R L
] a- n1iuhli+|1lllll4rhl1lruiut1§\l b
' . el R L PR

e pow

A hm - -

= e AT

..\n..‘......__.q.:-1.___1.._.1.__.1~.1.....n..1..1.._-__.__ rtrtororlrrrarhrr s rarrddr s wbd  rdra A g drrrrdrTa;a anderr s ane 1t

‘..l.r-l-.-—.r—..r...-\-—.-r-r.--rr-_..r-.-..-l_-...-T-...-.T-.-.!.r_-.rt-r-—._.l.l.-..l-...-r-f-—rt-r.r.r.—ul-lr.--_l._

]

> o omam - .

P b a T,
El.....-h-!‘.l.l.ll.lll.l...r.i-?.—...l.llﬂ. N

N N e o ou oo .

._.-_++t.lll.-.ll.-___.l1;.._“.....-...| e s

AT Il e e H A H R e e B e ok M K o .._.......__.:11._.....-:....1.\..........I"...___ '

-
e e P e P

.

4 ]
i R i I I I R R I I I b
r ]

e S Y Wxmm g T V"
- -
i T P T ok T T
. [
I S o NN O 'R B B r
' T I TR I I A A

ST TTT T A NA=

e Y i

.hl......._U.-.._..
: .ll.-.l.u.!ul...l...l-..ln.-...lli.....||.1..l.l.l.._

B
Tt mmmTE SR Arwr )

e et 2T [ e i el ey B -

1 T e e mr Ao Loy -

¥
a

i

- - e o - -

oy o k| .-Llli...

o
1+Jlﬁhqlitulf1sﬂ-+1¢ti$l.iiuull\ e e | A S S L
a

.......... e

B I I e X I NI R

[ R R

T e e T L T T T T e e L T L

ok ey -

LR AN
lu'"-.;::,L

"I.ﬂlel Lidd N
¥
L)
k

mEwmammataasaswmanwt L

L

{
£

m ol WA Y ET Y YA

I

E ¢ ———-

EETAATETRETETE T TE TN TR TR T ETE TR TE TR LR

ke Sk N G b e bk He W L M

=

T

LR T T R T TN T

*

[P, ML TR |

et

-i"

...._.I.__....._....l..-......
A=

?.ﬁﬂ.'h
3
illu
u
h
x
L]

"ﬁ.

L ol ol k. pib el bk b . a
"

r
et A A W T A M A

—_— e e = = = — =

b T T T M T B - M - e .

a
a

L]
+

rJ

LR T L

P Y YEY YT I EFEE

e L e

T rY = AT

B L L e P L P P e L L e P L e L R e e

1
1
1
1
r
]
'
F
1
.

-
[

CIE S B A S R T T B S BT B B

ST T ETTAAT AT AT AT EET R YRR TR YO O

-

128

Section D-D

FIG. 19A

L

'l.."

L T T

b

Py 0y

__L;'::-.-ll"\r*-

_, .
e

.._.........1....-|...-.q1._..._....r

2=
R
Y NELE
..-..T...l -..._. __._._n.m. _...
-.:.:.q.._... L T
- = ]
. Y
l._..L... eyl g
| PR L
m-"... .._.u._.l.....!.... "
S
P
AR
..I.-.....L.U....-.. [
1’ 1u-1 H
] o
a3 f
a _L
.’ - a ’
T At
1 a
£ Ry

-
'-.-.-H

*---i-u.,\,‘,__'_‘_r.,.i,ﬂ--ﬁ_i

‘- -

-

L N L

Section E-E

r.,_h“lh

Section E-E



A W
G G,
i '_r;,:}r,-ﬁ-.ﬂ‘:f.ﬂ f;.f};i

-
L]

A

-r'ijl:-ll:.r Ill:_ﬂ|l-

.ﬂ._.
£ .
W
== i_.p_p.l-:l'-fr
PREEY
o

-§IH.J Wl
.

B
L | 1-'1'.1:‘
l'.j' -
AT
' "..:“.r"'-';,’.

[ 5
A%

IIF

oA

L

F

h

f

N

#h

7

F

[

U.S. Patent

+
- ‘u:'l- !
D AN
‘-.I_':E:{'\. " ;;:-1';..:;:::*;” A
___._L.mr'-.""'l"'hhi*h"ﬁ‘- ":'L-"t":“' T RE
" i.:"l-:"'l "‘-.."‘ IR ‘1 *

_ %":'.E' %"-;-‘t"-‘éu
.‘,... ' ' ML, % L e L
et b.ﬁ"‘-"'h A ‘ " : %H‘:‘x‘ - A 1-"‘-:\
T I'hl“t ,qth.“‘q‘l.‘ll.'lv-::u?. S i - . l‘-‘.‘ LY :T::'r'th'n
o "'"‘*“‘. e e ‘
- 1--.". ::h:q. L }I?h 1-'"-""-:!-‘ F) !
L

, SR el e
‘.;‘*‘ I“.‘2:':1 .,:.. .."- o , Ny l.,.:... "‘h'. 1."}: i'“.ﬂ..:i-:k
S, ':‘ -‘"h-H"'i'.

.-i.‘-h‘-‘ I"EI: [ L] >

%‘-&{&%

-:.;i;.'h *r.,h-l.‘_-h !-ﬂ._'n
R w..,. Rt
l-q_"r.‘ Iq..-ll- [ e -i.hl

. L -..-.|.i' “\l."'““"q- MY
I-.- l‘*‘ 1_-- h-"! l._‘-i.i :.":"!
At o TR ""'t"":“.‘ ﬁ%{“:\“:}* > ‘\\:lh
ot aty AL -

-_‘-'\-‘ + .{.\.ﬁ“'““h‘ . -\'n. 4 +“‘-.ll h:%
L] ]
™ i' : unu.tu:h"'l-
*‘i- L
L },E'-.'ﬁ-. AN

AP h."lq"‘:.l!

1
X
- ‘\.
L T tem T Y, what T"
l'l-hhh-‘-:‘-‘-“i*l“ ® 'hﬂ"hﬂ‘ .‘-‘.;..-.-
EY iy
- wm;;lhh'h‘im}*'}ﬂ1l\i'ﬂ'e '\.JL
"ﬂ:“f’u q‘:ti‘ﬂ;'l- WO g A

-

u'n 1.-1.-;* 'u"‘"":“"* e SO
SUERER LA S
oW ’ AN Y

\:,x R Ta ke

PLOE L]

e . -_l-i.l.'-'\l"lq .l.“-x.-‘

e ity
IR e
x*'.' ..“. ‘\‘ “;“- [ |1 '

35 ‘-;‘::::E::F*H‘:}:F‘:. i" A i “"‘"‘Q\-.:-.
: e

vxxam-“

‘-;~:::::;

- A [, T T
*ﬂ. o g o R
. 'I ‘.-\h -
e Ak

h.a.:..i-'\l“ll-""l-

N T
: Mg AT
W n ¢t"# '
e S
"'1','!. ey

- kAW -4"!"*!"“"".-
kT t“a‘ ":-: ' - q.._pi';':‘-""'" """‘I'!.IT-‘ N,
q-"h"’i""t n & Y
1'-;*."'"""“"" b

A

] L
' , ..;:‘_"l. R T S Lk
N RN

§:

:,'..:Ec ipw:bilh_mqql- - v !"

Oct. 13, 2020 Sheet 23 of 24

US 10,801,796 B2

FIG. 20

500 100

R AL S
x&;&‘“&m BRI,
3-..-5'*'::"?""‘*""-%‘5‘:-*-‘-%% %\\ ‘ N

RS m“ﬁ"“‘”ﬂ% .

T u."r‘"'
e i.,..-a,..‘h S8 T
‘.::::I ) " ""* v :.H" ‘1:?% a -|.h:.|.:_':.."'lh -:.:E" ":-": '
I-“:nl-“ 'r.": l..\ [ = L] t:‘:%
‘ﬁ"" _‘: o -%H%%&%WK%
: 1% .
x':.,\-h:s-:-.‘u""* AR U
O e

ql‘h,‘ L mEE

FIG. 21

500

. : [ _n 1-‘1.'. 1‘:"
e . % l."., . "‘:.'p * .
"'_‘1_' ‘!:*:.." 11“:‘%*.“-_1' : 5_‘- ;_b_.' q"l'l- IIL""l- .;:_1‘:": 1-1--
U T, A e, TN iy
e 1:3:;::*:-:;::-* e
o el e e
|.| o -i-""\l"'." N

‘h*l

S,
- -
-kt

T r
' T
i i
T NP, L
T




U.S. Patent Oct. 13, 2020 Sheet 24 of 24 US 10,801,796 B2

FIG. 22
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Provide a muzzle adapter for attachment to a 405
firearm muzzle

Provide an attachment mount with a clutch 410

assembly configured for removable
attachment to the muzzle adapter

Provide a muzzle attachment 415

Provide a firearm barrel 420
Install the muzzle adapter onto the firearm 475
barrel

Secure the muzzle attachment to the 430
attachment mount
Attach the attachment mount to the muzzle 435
adapter
Move the attachment mount to the locked 440
position

v

Move the attachment mount to the unlocked 450
position

v

Disconnect the attachment mount from the 455
muzzle adapter



US 10,801,796 B2

1

QUICK DISCONNECT MOUNT FOR
MUZZLE ATTACHMENTS

RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. §
119(e) of U.S. Provisional Patent Application No. 62/672,
148 titled QUICK DISCONNECT MOUNT FOR MUZZLE

ATTACHMENTS, and filed on May 16, 2018, the contents
of which are incorporated herein by reference in their
entirety.

FIELD OF THIS DISCLOSURE

This disclosure relates to accessories for use with firearms
and more particularly to a mount for muzzle attachments.

BACKGROUND

The design of fircarms and related accessories mvolves
many non-trivial challenges. Some accessories are designed
to be mounted to the muzzle-end of a firearm barrel 1n one
or more particular rotational orientations to accomplish a
desired eflect. For example, a muzzle brake 1s an attachment
that redirects a portion of propellant gases away from the
bore axis as the gases escape from the barrel. When directed
rearwardly, the gases push the fircarm forward to partially
counteract recoil forces from discharging the fircarm. A
muzzle brake 1s typically mounted to a firearm barrel in a
particular rotational orientation to prevent gases from being,
directed upward 1nto the line of sight of the firearm operator,
or downward 1nto the dirt or dust.

Suppressors are another muzzle accessory intended to
reduce the audible report and the flash signature of the
firearm. Suppressors include a series of baflled chambers
that slow down the expansion and the release of pressurized
gases leaving the barrel, therefore reducing the audible
report when discharging the firearm. The central opening
through the suppressor must be suil

iciently aligned with the
bore axis to prevent a projectile from striking the suppressor
and to prevent reductions 1n accuracy. For this reason, the
suppressor 1s generally attached securely to the barrel using
a method that provides precision alignment with the bore
axis.

SUMMARY

The present disclosure 1s directed to a mounting assembly
for attaching accessories to the muzzle of a fircarm, a
locking nut assembly, and a method of attaching a muzzle
attachment to a fircarm using a mounting assembly that
inhibits or prevents mnadvertent loosening of the attachment.
One aspect of the present disclosure 1s directed to a mount-
ing assembly for firearm muzzle devices. In accordance with
some embodiments of the present disclosure, the mounting
assembly includes a clutch assembly that prevents loosening
rotation of the attachment due to vibration, recoil forces, and
the like. In some embodiments, the mounting assembly 1s a
quick-disconnect mount that enables the user to remove
and/or 1nstall a muzzle attachment without the need for
tools.

Numerous configurations and variations will be apparent
in light of this disclosure.

The features and advantages described herein are not
all-inclusive and, in particular, many additional features and
advantages will be apparent to one of ordinary skill in the art
in view of the drawings, specification, and claims. More-
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2

over, 1t should be noted that the language used in the
specification has been selected principally for readability

and 1nstructional purposes and not to limit the scope of the
disclosed subject matter.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1A illustrates a front and side perspective view of a
mounting assembly with a clutch collar in an unlocked
position, 1n accordance with an embodiment of the present
disclosure.

FIG. 1B illustrates a rear and side perspective view of the
mounting assembly of FIG. 1 with the clutch collar in the
locked position, 1n accordance with an embodiment of the
present disclosure.

FIG. 1C 1illustrates a top plan view of the mounting
assembly of FIG. 1 with the clutch collar 1n the locked
position, 1n accordance with an embodiment of the present
disclosure. FIG. 1C also illustrates an example of the muzzle
end portion of a fircarm barrel with which the mounting
assembly may be used, 1n accordance with an embodiment
of the present disclosure.

FIG. 1D 1illustrates an exploded, front and side perspective
view ol a mounting assembly, 1n accordance with an
embodiment of the present disclosure.

FIG. 1E illustrates an exploded, rear and side perspective
view ol the mounting assembly shown in FIG. 1D.

FIG. 1F illustrates an exploded rear perspective view of a
mounting assembly where the locking assembly includes
torsion springs, in accordance with an embodiment of the
present disclosure.

FIG. 2A illustrates a front and side perspective view of a
muzzle adapter 1n accordance with an embodiment of the
present disclosure.

FIG. 2B 1llustrates a side elevational view of the muzzle
adapter of FIG. 2A.

FIG. 2C illustrates a rear and side perspective view of the
muzzle adapter of FIG. 2A.

FIG. 2D 1illustrates a side elevational view of another
embodiment of the muzzle adapter with a region of reduced
diameter, 1n accordance with an embodiment of the present
disclosure.

FIG. 2E illustrates a front and side perspective view of the
muzzle adapter of FIG. 2D.

FIG. 2F illustrates a cross sectional view of a mounting
assembly including muzzle adapter of FIGS. 2D-2E, 1n
accordance with an embodiment of the present disclosure.

FIGS. 2G-2H illustrate perspective views showing
examples ol a muzzle adapter configured as a tlash hider, 1n
accordance with some embodiments of the present disclo-
sure.

FIG. 21 illustrates a perspective view showing an example
of a muzzle adapter configured as a muzzle brake, 1n
accordance with an embodiment of the present disclosure.

FIG. 3A illustrates a front and side perspective view of an
attachment mount, 1n accordance with an embodiment of the
present disclosure.

FIG. 3B illustrates a side elevational view of the attach-
ment mount of FIG. 3A.

FIG. 3C illustrates a rear and side perspective view of the
attachment mount of FIG. 3A.

FIG. 3D illustrates a side elevational view of an attach-
ment mount, in accordance with another embodiment of the
present disclosure.

FIG. 4A 1llustrates a side elevational view of an attach-
ment mount with a locking structure, 1n accordance with an
embodiment of the present disclosure.
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FIG. 4B 1llustrates a rear perspective view of the attach-
ment mount with locking structure shown in FIG. 4A.

FIG. 4C illustrates a rear perspective view of an attach-
ment mount with a locking structure, 1n accordance with
another embodiment of the present disclosure.

FIG. 4D 1llustrates a side view of an attachment mount, 1n
accordance with another embodiment of the present disclo-
sure.

FIG. 4E illustrates a rear perspective view of the attach-
ment mount and locking structure of FIG. 4D.

FIG. 5A 1illustrates a front perspective view of a cam
having a lever arm and a second arm, 1n accordance with an
embodiment of the present disclosure.

FIG. 5B illustrates a rear elevational view of the cam
shown 1n FIG. 5A.

FIG. 5C 1illustrates rear perspective view of the cam
shown 1n FIG. SA.

FIG. 5D 1illustrates a side elevational view of a cam, 1n
accordance with another embodiment of the present disclo-
sure.

FIG. SE illustrates a perspective view of the cam of FIG.
5D, 1 accordance with an embodiment of the present
disclosure.

FIG. 6A 1llustrates a cam spring, in accordance with an
embodiment of the present disclosure.

FIG. 6B illustrates a cam spring configured as a garter
spring, 1n accordance with another embodiment of the
present disclosure.

FIG. 6C 1llustrates a cam spring configured as a double
torsion spring, in accordance with another embodiment of
the present disclosure.

FIG. 7 illustrates a secondary spring, in accordance with
an embodiment of the present disclosure.

FIG. 8A 1llustrates a front and side perspective view of a
clutch collar, 1n accordance with an embodiment of the
present disclosure.

FIG. 8B illustrates a front elevational view of the clutch
collar of FIG. 8A.

FIG. 8C 1llustrates a rear and side perspective view of the
clutch collar of FIG. 8A.

FIG. 8D illustrates a front perspective view of a clutch
collar, 1n accordance with another embodiment of the pres-
ent disclosure.

FI1G. 8E illustrates a front view of the clutch collar of FIG.
8D.

FIG. 9A illustrates a distal perspective view of a locking
nut with resilient tabs, 1n accordance with an embodiment of
the present disclosure.

FIG. 9B illustrates an exploded proximal and side per-
spective view of the locking nut and fasteners, 1n accordance
with an embodiment of the present disclosure.

FIG. 10 illustrates a cross-sectional view of a mounting,
assembly taken along line A-A of FIG. 1C, i accordance
with an embodiment of the present disclosure.

FIG. 11 A 1llustrates a cross-sectional view of a mounting,
assembly taken along line B-B of FIG. 10 and shows the
clutch assembly 1n an unlocked position, 1n accordance with
an embodiment of the present disclosure.

FIG. 11B 1illustrates a cross sectional view of a mounting
assembly taken along line C-C of FIG. 10 and shows part of
the secondary spring occupying a recess 1n the clutch collar
in an unlocked position, 1 accordance with an embodiment
of the present disclosure.

FIG. 11C illustrates a rear elevational view of a cam 1n an
unlocked position with the end of the lever arm positioned
along the inside surface of the clutch collar, 1n accordance
with an embodiment of the present disclosure.
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FIG. 11D illustrates a rear elevational view of a cam 1n an
unlocked position and engaged by a torsion spring, in
accordance with an embodiment of the present disclosure.

FIG. 12A illustrates a cross-sectional view ol a mounting,
assembly taken along line B-B of FIG. 10 and shows the
clutch assembly 1n a locked position with cams engaging the
muzzle adapter, 1n accordance with an embodiment of the
present disclosure.

FIG. 12B 1llustrates a cross-sectional view of a mounting,
assembly taken along line C-C of FIG. 10 and shows part of
the secondary spring occupying a recess 1n the clutch collar
in a locked position, in accordance with an embodiment of
the present disclosure.

FIG. 12C 1llustrates a cross-sectional view of a mounting,
assembly where the cam springs configured as torsion
springs and the assembly 1s shown 1n a locked position, 1n
accordance with another embodiment of the present disclo-
sure.

FIG. 12D illustrates a cross-sectional view of the mount-
ing assembly of FIG. 12C shown 1n an unlocked position, 1n
accordance with an embodiment of the present disclosure.

FIG. 13 A illustrates a rear and side perspective view of a
mounting assembly, 1n accordance with another embodiment
of the present disclosure.

FIG. 13B 1illustrates a top plan view of the mounting

assembly of FIG. 13A.

FIG. 13C illustrates a front and side perspective view of
the mounting assembly of FIG. 13A.

FIG. 13D illustrates an exploded, rear perspective view
showing various components of the mounting assembly of
FIG. 13A, 1 accordance with an embodiment of the present
disclosure.

FIG. 13E illustrates an exploded, front perspective view
showing the components of the mounting assembly of FIG.
13D.

FIG. 14 A 1illustrates a rear perspective view of a muzzle
adapter with alternating ridges and valleys that extend
axially along the outside surface of the adapter body, 1n
accordance with an embodiment of the present disclosure.

FIG. 14B 1illustrates a front perspective view of the
muzzle adapter of FIG. 14A.

FIG. 14C 1llustrates a side elevational view of the muzzle
adapter of FIG. 14A.

FIG. 15A 1llustrates a rear perspective view of an adapter
ring with an mside surface configured for the muzzle adapter
of FIG. 14A and including rollers and roller springs, 1n
accordance with an embodiment of the present disclosure.

FIG. 15B illustrates a front perspective view of the
adapter ring, rollers, and roller springs shown 1n FIG. 15A.

FIG. 16A 1llustrates a rear perspective view of a clutch
collar, 1n accordance with another embodiment of the pres-
ent disclosure.

FIG. 16B 1llustrates a front perspective view of the clutch
collar shown 1n FIG. 16A.

FIG. 16C 1llustrates a front elevational view of the clutch
collar shown 1n FIG. 16A.

FIG. 17 A 1llustrates a rear perspective view of an attach-
ment mount, 1n accordance with an embodiment of the
present disclosure.

FIG. 17B illustrates a front perspective view of the
attachment mount of FIG. 17A.

FIG. 18 1llustrates a cross-sectional view of a mounting
assembly taken along line D-D of FIG. 13B, 1n accordance
with an embodiment of the present disclosure.

FIG. 19A 1llustrates a cross-sectional view of a mounting,
assembly taken along line E-E of FIG. 18 and shows the
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locking structure 1n a locked position, 1n accordance with an
embodiment of the present disclosure.

FIG. 19B 1llustrates a cross-sectional view of a mounting
assembly taken along line E-E of FIG. 18 and shows the
locking structure in an unlocked position, 1 accordance
with an embodiment of the present disclosure.

FI1G. 20 illustrates a side view of a firecarm with a muzzle
attachment secured to the mounting assembly and installed
on the firearm barrel, 1n accordance with an embodiment of
the present disclosure.

FIG. 21 1llustrates a side view of the fircarm of FIG. 20
with the attachment mount and muzzle attachment discon-
nected from the muzzle adapter, which remains installed on
the barrel, in accordance with an embodiment of the present
disclosure.

FIG. 22 1s a flow chart showing steps 1n a method of
attaching a muzzle attachment to a fircarm muzzle and
inhibiting inadvertent loosening of the muzzle attachment,
in accordance with an embodiment of the present disclosure.

These and other features of the present embodiments will
be better understood by reading the following detailed
description, taken together with the Figures herein
described. In the drawings, each identical or nearly identical
component that 1s illustrated in various figures may be
represented by a like numeral. For purposes of clarty, not
every component may be labeled in every drawing. Further-
more, as will be appreciated, the figures are not necessarily
drawn to scale or intended to limit the present disclosure to
the specific configurations shown. In short, the Figures are
provided merely to show example structures.

DETAILED DESCRIPTION

A mounting assembly for fircarm muzzle attachments 1s
disclosed. A method of use and a locking nut are also
disclosed.

In accordance with some embodiments, the mounting
assembly includes an attachment mount with a clutch assem-
bly operable between a locked position and an unlocked
position. The attachment mount can be removably attached
to a muzzle adapter to attach a muzzle device to the barrel
of a firearm. For example, the muzzle adapter can be
received 1n the mount proximal end portion and attached to
the attachment mount with threads, a bayonet mount, or
other method. The muzzle adapter can be part of the mount-
ing assembly or a separate component, as will be appreci-
ated. The attachment mount has a mount distal end portion
configured to be secured to a fircarm muzzle device, such as
a suppressor, muzzle brake, tlash hider, heat shield, or other
attachment. In some embodiments, more than one muzzle
device may be used together at the same time, such as a
muzzle brake and suppressor in combination, or a suppres-
sor 1n combination with a heat shield, to name a couple
examples.

In some embodiments, the mounting assembly includes
the muzzle adapter. In one such embodiment, the muzzle
adapter has a generally cylindrical body with a threaded
portion configured to threadably engage the mount proximal
end portion. The muzzle adapter can also include a cylin-
drical sleeve portion that extends distally of the threaded
portion. The muzzle adapter can be attached to the fircarm
barrel by threaded engagement, a clamping structure, a
bayonet mount, or other suitable method, as will be appre-
ciated. The muzzle adapter optionally can include female or
male threads, or other structure in the distal end portion for
an alternate attachment location for a muzzle brake or other
device. In some embodiments, an adapter ring accompanies
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the muzzle adapter, where the muzzle adapter 1s received 1n
the adapter ring when 1nstalled in the attachment mount. In
some embodiments, the muzzle adapter 1s configured as a
muzzle brake or a tlash hider, for example.

The clutch assembly has a locking structure disposed
between the attachment mount and the muzzle adapter.
When the clutch assembly 1s 1n the locked position, the
locking structure engages the muzzle adapter (or an adapter
ring on the muzzle adapter) to prevent or inhibit loosening
rotation ol the attachment mount relative to the muzzle
adapter, 1n accordance with one example embodiment. In the
unlocked position, the clutch assembly disengages the lock-
ing structure from the muzzle adapter (or adapter ring) to
permit loosening rotation of the attachment mount relative to
the muzzle adapter. In some embodiments, the clutch assem-
bly can also occupy a free position, such as when the
mounting assembly 1s disconnected from the muzzle
adapter. In the 1free position, the locking structure can
occupy a position that 1s not attainable when the muzzle
adapter 1s installed 1n the attachment mount due to physical
interference between the locking structure and the muzzle
adapter, for example.

In one embodiment, the clutch assembly includes a clutch
collar that overlaps the body of the attachment mount and 1s
rotatable about the body between a locked position and an
unlocked position. The locking structure includes one or
more cams, where each cam 1s pivotably retained by the
body of the attachment mount. Each cam has a cam body
with an arcuate cam surface. When the clutch collar 1s
moved to the locked position, the cams pivot to a first
position 1n which the cam surface extends radially inward to
a radius equal to or less than the radius of the sleeve portion
or other portion of the muzzle adapter. Thus, when the
muzzle adapter 1s 1nstalled in the attachment mount, the cam
surface Irictionally engages the sleeve portion to inhibit
rotation ol the attachment mount relative to the muzzle
adapter. When the clutch collar 1s moved to the unlocked
position, the cams pivot to a second position 1n which the
cam surface extends radially inward to a radius greater than
the body radius. Thus, the cam surface 1s spaced from the
sleeve portion and provides clearance for the attachment
mount to rotate 1n a loosening direction. Accordingly, the
attachment mount can be rotated relative to the muzzle
attachment, such as for unscrewing the attachment mount
during removal of the attachment mount from the muzzle
adapter.

In accordance with another embodiment of the present
disclosure, the clutch assembly 1s configured as a trapped
roller clutch, where the locking structure includes one or
more rollers. The attachment mount includes an adapter ring
installed on the body portion and configured to prevent
rotation between the adapter ring and the muzzle adapter, but
to permit axial movement of the muzzle adapter through the
adapter ring. For example, the muzzle adapter has a ridge
along the sleeve portion that 1s received 1n a corresponding
slot defined 1n the side surface of the adapter ring. Thus,
as the attachment mount 1s screwed onto or unscrewed from
the muzzle adapter, the muzzle adapter can travel axially
through the adapter ring.

In one embodiment, the adapter ring can be received 1n
the mount proximal end portion and defines a radial gap
between the outside surface of the adapter ring and the mside
surface of the mount proximal end portion. One or more
rollers are disposed in the radial gap between the outside
surface of the adapter ring and an 1nside surface of the mount
proximal end portion. In one embodiment, the radial gap
defines a clearance region and a pinch region. Rotating the
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clutch collar to the locked position allows the rollers to move
into the pinch region where they are trapped between the
adapter ring and the attachment mount, thereby inhibiting
loosening rotation of the attachment mount relative to the
adapter ring, and therefore relative to the muzzle adapter.
Rotating the clutch collar to the unlocked position causes the
rollers to move 1nto the clearance region, where the rollers
have suflicient space to avoid being trapped, and therefore
permitting loosening rotation of the attachment mount.

A locking nut can be used in some embodiments to retain
the assembled configuration of the mounting assembly. In
one example, the locking nut has an annular body with a
distal body portion, a proximal body portion, a radially outer
portion, and a radially inward surface defining a female
thread. One or more fastener opening 1s defined through the
annular body. A resilient tab 1s defined in the distal body
portion and axially aligned with the fastener opening. For
example, the resilient tab has a first tab end portion con-
nected to the radially outer portion of the annular body. The
tab extends unattached radially inward to a second tab end
that 1s axially aligned with the radially inward surface. A
portion of the female thread extends along the second tab
end. When a fastener (e.g., a set screw) 1s advanced through
the fastener opening, the fastener engages the resilient tab
and axially deflects the resilient tab, thereby misaligning the
portion of the female thread on the distal tab end with the
primary portion of the female thread along the radially
inward surface of the annular body. The misaligned portions
of the female thread results 1n a frictional force that prevents
the locking nut from unscrewing from the attachment mount
or other structure to which 1t 1s attached. Thus, the resilient
tab(s) avoid madvertent disassembly that may result from
vibration or the like.

Various embodiments of the mounting assembly can be
used to secure a muzzle attachment to the barrel of a firearm,
in accordance with some embodiments of the present dis-
closure. In one embodiment, A method of securing a muzzle
attachment to the barrel of a firearm providing a mounting
assembly that includes providing a muzzle adapter, provid-
ing an attachment mount with a clutch assembly, nstalling
the muzzle adapter onto a firearm barrel, attaching the
attachment mount to the muzzle adapter, and moving the
clutch assembly to the locked position, thereby engaging a
locking structure between the muzzle adapter and the attach-
ment mount that prevents loosening rotation of the attach-
ment mount relative to the muzzle adapter.

General Overview

As noted above, non-trivial 1ssues arise in the design of
fircarms and their accessories. For instance, suppressors,
muzzle brakes, and other devices can be mounted to the
muzzle of a firearm barrel. In some cases, the muzzle
attachment can be secured to the barrel by direct threaded
engagement with a threaded end of the barrel. In other cases,
the muzzle attachment can be secured to the barrel using a
mounting assembly or adapter, where the mounting assem-
bly 1s attached to the barrel (e.g., by threaded engagement)
and includes threads or other structure to releasably secure
the muzzle attachment to the mounting assembly. For
example, a muzzle adapter screws onto a threaded barrel and
includes a second coarse thread for securing the muzzle
attachment. The attachment can be attached with less than
one revolution along the coarse thread, making installation
quicker than direct threaded engagement with the barrel. In
another example, the mount includes a receptacle that
receives part of the muzzle accessory, and secures the
accessory 1n the receptacle in place by tightening a clamp or
tasteners that engage the accessory.
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One challenge in constructing muzzle attachments and
mounts 1s the need to reliably maintain precise axial align-
ment between the accessory and the bore axis. For example,
a suppressor that becomes misaligned with the bore axis
may result 1n the projectile striking the suppressor batiles,
resulting 1n damage to the suppressor and possible mnjury to
the operator or others nearby.

In addition to precise axial alignment, muzzle attachments
ought to resist changes 1n rotational or longitudinal position
due to vibration and recoil forces. For example, a muzzle
brake that rotates from its intended position may deflect
propellant gases into the operator’s optics, into the ground,
or in another undesirable direction that interferes with the
operator’s sight picture or firing accuracy. To prevent move-
ment of the muzzle accessory from recoil forces and the like,
one approach has been to design mounts that use threaded
engagement with the attachment 1n addition to having mat-
ing surfaces that add a frictional force to secure the attach-
ment. For example, a shallow taper (e.g., 10° or less at each
taper surface or =20° inclusive) can provide a surface that
frictionally engages the accessory as 1t 1s threaded onto the
mount. The shallow taper forms a seal between the mating
surfaces that can effectively prevent unintended loosening of
the attachment when tightened sufliciently. However, when
tightened enough to prevent loosening from vibration and
recoil forces, tools often are necessary to break the seal
between the mating surfaces. On the other hand, when the
shallow taper 1s tightened only enough to permit removal by
hand, the attachment may vibrate loose and cause accuracy
problems, a projectile strike, or the like.

In addition to problems with a sealing taper, many mount-
ing assemblies itended for quick connection and discon-
nection have proved to be problematic during use in the
field. When the barrel and attachment become hot from live
fire, for example, thermal expansion can further tighten an
already tight interface to the extent that tools are required to
remove the accessory. Also, carbon deposits can work 1nto
fasteners and into seams between the attachment and the
mount, causing the interface to bind. The combination of
high heat and carbon deposits has been known to “bake”
together assembled parts and require tools to remove the
attachment.

An operator may need to remove the muzzle attachment
for a variety of reasons, such as to repair or service the
attachment, to clear an attachment that has become blocked
with mud and vegetation, or to install a different attachment.
In the best scenario, the increased eflort, time, and/or
required use of tools to remove the attachment can be an
inconvenience. However, during use in the field, such as
during a battle, tools may not be available, time may be
critical, and the force needed to remove the attachment may
exceed what one can achieve in the field using hands alone.

Therefore, a need exists for an improved mounting assem-
bly for muzzle attachments. In accordance with the present
disclosure, some embodiments address this need and others
by providing a mounting assembly for firearm muzzle
attachments, where the mounting assembly 1s operable
between a locked position, 1n which the attachment mount 1s
secured to a muzzle adapter, and unlocked position, 1n which
the assembly permits removal of the attachment mount from
the muzzle adapter. Some such embodiments {facilitate
quicker and easier removal of a muzzle attachment com-
pared to existing designs. In accordance with some embodi-
ments, the mounting assembly enables tool-less disconnec-
tion of the muzzle attachment from the firearm 1n a wide
variety of operating environments.
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The present disclosure also relates to a locking nut that
may be used as part of the mounting assembly, 1n accordance
with some embodiments. For example, the locking nut
provides a compact axial thickness that 1s particularly suited
for use with a mounting assembly. By utilizing a structure
that provides a frictional force 1n the threads, for example,
the locking nut resists coming loose due to vibration and like
forces.

In accordance with some embodiments, the disclosed
mounting may be detected, for example, by visual inspection
of a mounting assembly for fircarm muzzle attachments,
where the mounting assembly includes features such as a
clutch assembly operable between locked and unlocked
position. Some embodiments of the disclosed mounting
assembly can be detected by visual mspection of a clutch
structure with a locking structure comprising cams that
engage the outside surface a muzzle adapter or the like.
Some embodiments of the disclosed mounting assembly can
be detected by visual mspection of a locking structure that
includes rollers between an attachment body and an adapter
ring configured to receive the muzzle adapter. In another
aspect of the present disclosure, a locking nut as disclosed
herein can be detected by visual mspection of a locking nut
that includes one or more resilient tabs, where the tabs
include a part of the thread of the locking nut, and where the
tabs can be caused to irictionally engage the corresponding
threads on another component to which the locking nut 1s
attached. In yet another aspect, methods of attaching a
muzzle device according to the present disclosure can be
detected by use of a mounting assembly utilizing a clutch
assembly. Some methods can be detected by a mounting
assembly providing tool-less disconnection of a muzzle
attachment from a fircarm barrel.

As used herein, the term “locked” refers to a condition or
position of the mounting assembly 1n which one or more
components of the assembly must fail, or in which frictional
forces retaining the attachment mount on the muzzle adapter
must otherwise be overcome, 1n order to disconnect the
attachment mount from the muzzle adapter. When the clutch
assembly 1s 1n the locked position, for example, frictional
forces of a locking structure prevents or inhibits removal or
loosening rotation of the attachment mount from the muzzle
adapter, whether inadvertently, intentionally, due to vibra-
tion or recoil forces, or due to some other cause, until the
clutch assembly 1s moved to the unlocked position. The term
“unlocked” refers to a condition or position of the mounting
assembly 1 which the attachment mount can be readily
removed from the muzzle adapter, such as by hand and
without the use of additional tools. When the clutch assem-
bly 1s 1n the unlocked position, for example, the locking
structure does not prevent or inhibit loosening rotation of the
attachment mount relative to the muzzle adapter.

While generally referred to herein as a ‘mounting assem-
bly” for consistency and ease of understanding the present
disclosure, the disclosed mounting assembly 1s not limited to
that specific terminology and alternatively can be referred to,
for example, as a mount, a muzzle adapter, or other terms.
As will be further appreciated, the particular configuration
(c.g., materials, dimensions, etc.) of a mounting assembly
configured as described herein may be varied, for example,
depending on whether the mtended use 1s military, tactical,
or civilian 1n nature. Numerous configurations will be appar-
ent 1n light of this disclosure.

Structure and Operation

FIGS. 1A-1C illustrate a mounting assembly 100 in
accordance with an embodiment of the present disclosure,
where FIG. 1A 1s a front and left-side perspective view
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showing the clutch assembly 140 1n an unlocked position,
FIG. 1B 1s a rear and left-side perspective view showing the
clutch assembly 140 in a locked position, and FIG. 1C 15 a
top plan view showing the mounting assembly 100 with the
clutch assembly 140 1n the locked position and positioned
adjacent a threaded end portion 510 of a barrel 505. FIG. 1D
illustrates an exploded front and left-side perspective view
and FI1G. 1E illustrates an exploded rear and left-side per-
spective view showing components of the mounting assem-
bly 100, in accordance with one embodiment of the present
disclosure. FIG. 1F 1llustrates an exploded rear perspective
view showing components ol a mounting assembly 1n accor-
dance with another embodiment of the present disclosure.
Due to the similarities among the various embodiments, the
mounting assemblies 100 of FIGS. 1A-1F will be discussed
concurrently.

In one embodiment, the mounting assembly 100 includes
an attachment mount 200, a clutch assembly 140, and a
muzzle adapter 110. The attachment mount 200 1s releasably
attachable to the muzzle adapter 110 and can be secured or
locked to the muzzle adapter 110 by the clutch assembly 140
to prevent inadvertent disassembly. The clutch assembly 140
includes a clutch collar 142 that can be installed on and
overlaps a portion of the attachment mount 200. The clutch
collar 142 1s rotatable about the attachment mount 200 and
allows Irictional engagement of a locking structure 160 to
inhibit inadvertent disassembly of the attachment mount 200
from the muzzle adapter 110. In some embodiments, a
locking nut 250 attaches to a proximal end portion 204 of the
attachment mount 200 to retain the mounting assembly 100
in assembled form. Components of the attachment mount
100 will be discussed m more detail below.

In one embodiment, the muzzle adapter 110 1s configured
to be attached to the barrel 505, such as by screwing the
muzzle adapter 110 onto the threaded end portion 510. The
attachment mount 200 can be removably attached to the
muzzle adapter 110, such as by threaded engagement, a
bayonet mount, or other means. The attachment mount 200
has a distal end portion 202 configured to be secured to a
muzzle attachment 515 (shown 1n FIGS. 20-21), such as a
suppressor, muzzle brake, or the like. In one example, the
muzzle attachment 515 can be screwed into the distal end
portion 202 of the attachment mount 200. In other embodi-
ments, the attachment mount 200 can be permanently
attached to or formed as a single piece with the muzzle
attachment, including a welded connection.

Referring now to FIGS. 2A-2F, various views illustrate a
muzzle adapter in accordance with some embodiments of
the present disclosure. FIG. 2A 1s a distal-end perspective
view, FIG. 2B 1s a side view, and FIG. 2C 1s a proximal-end
perspective view of a muzzle adapter 110 1n accordance with
one embodiment of the present disclosure. FIG. 2E 1s a side
view and FIG. 2F 1s a distal-end perspective view of a
muzzle adapter 1n accordance with yet another embodiment
of the present disclosure. The muzzle adapter 110 has an
adapter body 112 with a proximal end portion 114 and a
distal end portion 116. A central opeming 118 extends
through the adapter body 112 along bore axis 102. Muzzle
adapter 110 1s configured to be attached to the muzzle-end
of a barrel 505 of a host firearm 500. In some embodiments,
the muzzle adapter 110 has a female thread 120 (e.g., a first
or proximal female thread 120) 1n proximal end portion 114
that mates with a corresponding male thread on the muzzle-
end of the barrel 505. For example, the female thread 120 1s
a /2-28 thread or other suitable size and pitch, as will be
appreciated. In some embodiments, the muzzle adapter 110
includes a second or distal female thread 122 along the
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inside of the distal end portion 116, where the second female
thread 122 1s configured for threaded attachment of a muzzle
device, such as a muzzle brake. In one embodiment, the

second female thread 122 has a larger diameter than first
female thread 120 and defines a shoulder 121 between the

proximal female thread 120 and the distal female thread 122.
In other embodiments, the inside sidewall 124 of distal end
portion 116 1s smooth. The muzzle adapter 110 optionally
includes a corrosion-resistant coating, such as a diamond-
like carbon (DLC), a physical vapor deposition (PVD)
coating ol metal or a metal alloy, a manganese phosphate
coating, or a nitride coating.

In one embodiment, such as shown in FIGS. 2A-2D, the
distal end portion 116 of the adapter body 112 includes a
sleeve portion 126 with a generally smooth, cylindrical outer
sidewall. Optionally, the sleeve portion 126 has a taper 128
at the distal end 1164a. In some embodiments, the taper 128
defines a taper angle a greater than 10° with respect to the
bore axis 102 (1.e., greater than 20° including opposite
tapers), including 12°, 14°, 16°, 18°, or 20°, for example. A
taper 128 with a taper angle a of about 13° or more
facilitates alignment to and engagement with another cor-
responding tapered surtface without forming a sealing inter-
tace that requires a tool to break the seal. A taper angle o. of
10° or less generally results in a sealing interface that can be
difficult to break during disassembly.

The proximal end portion 114 of the muzzle adapter 110
defines a male thread 130 for threaded engagement with
attachment mount 200. In some embodiments, the proximal
end portion 114 defines wrench flats 132 to facilitate tight-
ening the muzzle adapter 110 to the barrel 505 of the host
fircarm 500. It 1s contemplated that the muzzle adapter 110
can be secured to the barrel 505 using other removable or
permanent methods, mncluding a slip fit with set screws, an
interference {it, welding, a bayonet mount, or combination
of these structures.

In some embodiments, such as shown 1n FIGS. 2D-2E, the
distal end portion 116 of the muzzle adapter 110 has a
stepped sleeve portion 126, where one portion of the sleeve
portion 126 has a reduced diameter. The region of reduced
diameter functions as an anti-ship feature that reduces or
prevents axial movement between the attachment mount 200
and the muzzle adapter 110. The stepped profile of the sleeve
portion 126 can also be considered a secondary retention
mechamism that retains the attachment mount 200 on the
muzzle adapter 110. For example, the middle sleeve portion
1265 has a reduced diameter that retains the cams 162 in this
region along the outer surface due to the cams having to
move towards an unlocked state to be able to accommodate
the large diameter adjacent the middle sleeve portion 1265.
The stepped profile of the sleeve portion 126 can be advan-
tageous, for example, when the sleeve portion 126 of the
muzzle adapter 110 becomes polished from wear, or when
grease or other Iriction-reducing substance 1s on the sleeve
portion 126. In such conditions, the difference 1n diameter
along the sleeve portion 126 can prevent or reduce axial
movement between the attachment mount 200 and the
muzzle adapter 110.

In the example of FIGS. 2D-2E, the sleeve portion 126
has a proximal sleeve portion 126a of {first outer diameter
D1, a middle sleeve portion 1265 of second outer diameter
D2, and a distal sleeve portion 126c¢ of third outer diameter
D3. The second outer diameter D2 of the middle sleeve
portion 1265 1s slightly smaller than the third outer diameter
D3 of the distal sleeve portions 126¢. In one embodiment,
the first outer diameter D1 and the third outer diameter D3
are the same, but this condition 1s not required. Although the

10

15

20

25

30

35

40

45

50

55

60

65

12

first outer diameter D1 1s typically equal to the third outer
diameter D3, the first outer diameter D1 can be greater or
less than the third outer diameter D3, but the first outer
diameter D1 of the proximal sleeve portion 1264 1s typically
greater than the second outer diameter D2. In one example,
the second outer diameter D2 1s from 0.002" to 0.010" (e.g.,
0.003") smaller than the third outer diameter D3. In another
example, the third outer diameter D3 1s at least 0.002", at
least 0.0025", at least 0.003", at least 0.0035", at least
0.004", at least 0.0045", at least 0.005", at least 0.006", or at
least 0.007" greater than the second outer diameter D2. The
transition between proximal, middle, and distal sleeve por-
tions 126a, 1265, 126¢ can be a circumierential groove 127,
a sloped transition, or a sudden step, for example.

In accordance with some embodiments, the mounting
assembly 100 1s constructed so that the middle sleeve
portion 126 1s positioned to engage the cams 162 of the
locking structure 160 when the attachment mount 200 1is
installed on the muzzle adapter (e.g., the locking taper 128
of the muzzle adapter 110 engages the corresponding taper
128 of the attachment mount 200). FIG. 2F illustrates a
sectional view of a mounting assembly 100 that includes the
attachment mount 200 installed on the muzzle adapter 110 of
FIGS. 2D-2E, where the taper 128 of the muzzle adapter 110
engages the taper 128 of the attachment mount 200 and the
mounting assembly 100 1s 1n a locked position. The cam 162
(shown near the bottom of the figure) can be seen engaging,
the middle sleeve portion 1265. Due to the diflerence in
outer diameter between the middle sleeve portion 1265 and
the neighboring proximal and distal sleeve portions 126a,
126¢, the cam 162 must overcome the increase 1in diameter
at the distal sleeve portion 126c¢ 1n order for the attachment
mount 200 to move axially to a position where the cams 162
occupy either the proximal or distal sleeve portion 1264,
126c. Regardless of whether the transition between the
middle sleeve portion 1265 and distal sleeve portion 126¢ 1s
a gradual transition or an abrupt transition, the cams 162
must rotate to a higher energy position (due to spring force
of cam spring(s) 154) to increase the clearance between the
cams 162 and the sleeve portion 126. Absent moving to the
higher energy position, the cams 162 would more tightly
engage (1.e., exhibit greater interference with) the larger
outer diameter of the distal sleeve portion 126¢ or the
proximal sleeve portion 126a, thereby restricting axial
movement (or “slip”) between the attachment mount 200
and the muzzle adapter 110.

FIGS. 2G-21 illustrate perspective views of a muzzle
adapter 110 configured as a flash hider or muzzle brake, 1n
accordance with some embodiments. FIGS. 2G and 2H
show example embodiments 1n which the distal end portion
116 1s configured as a tlash hider. FIG. 21 shows an example
embodiment of the muzzle adapter 110 configured as a
muzzle brake. As with embodiments above, the proximal
end portion 114 can have a thread 130 for engagement with
the attachment mount 200 and a cylindrical sleeve portion
126 for engagement with the locking structure 160. While
the sleeve portion 126 i FIGS. 2G-21 1s shown as a smooth
cylindrical surface, the sleeve portion 126 can have a region
of reduced diameter, such as discussed above with reference
to FIGS. 2D-2F. Numerous variations and embodiments will
be apparent 1n light of the present disclosure.

Referring now to FIGS. 3A-3C, a front perspective view,
a side view, and a rear perspective view, respectively,
illustrate an attachment mount 200 in accordance with an
embodiment of the present disclosure. The attachment
mount 200 has a mount body 202 with a mount distal end
portion 204 configured to receive and/or attach to a muzzle
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attachment 515 (shown 1n FIGS. 20-21), such as a suppres-
sor. For example, the mount distal end portion 204 defines
a female thread 212 along an inside surface for threaded
engagement with a muzzle attachment. In other embodi-
ments, distal end portion 204 defines a male thread, a smooth
surface for a frictional it or a slip fit, a clamp, or some other
suitable attachment structure for a muzzle attachment. A
central mount opening 210 extends through the mount body
202 along bore axis 102.

The attachment mount 200 has a mount proximal end
portion 206 configured to be removably attached to the
muzzle adapter 110. In one embodiment, the inside surface
of the mount proximal end portion 206 defines a female
thread 214 configured to engage the male thread 130 on the
outside of the muzzle adapter 110. In other embodiments,
the mount proximal end portion 206 engages the muzzle
adapter 110 using a slip fit, a bayonet mount, or other
suitable attachment means.

In some embodiments, the attachment mount 200 defines
a mount middle portion 208 between the mount distal end
portion 204 and the mount proximal end portion 206. For
example, the mount middle portion 208 has a different size,
such as an intermediate size, compared to the mount distal
and proximal end portions 204, 206. Such a configuration
may result 1n the attachment mount 200 having portions of
diameters that increase in size from proximal to distal. In
other embodiments, for example the mount middle portion
208 has the same size as and may be continuous with the
mount proximal end portion and/or the mount distal end
portion. In yet other embodiments, the mount middle portion
208 1s smaller compared to the mount proximal end portion
206 and the mount distal end portion 204.

In one embodiment, the mount middle portion 208 defines
one or more circumierential groove 216 around all or part of
the outside surface. The circumierential groove 216 1s sized
to receive a cam spring 154, such as a wire spring clip, a
garter spring, torsion spring, or other suitable spring. The
cam spring 154 can be part of the locking structure 160, as
will be discussed more fully below. The mount middle
portion 208 also defines one or more cam openings 218
along the circumierential groove 216, each of which 1s sized
and configured to accept a cam 162 and allow the cam 162
to pivot. In one embodiment, the cam openings 218 are
evenly distributed along the circumierential groove 216. For
example, two cam openings are spaced by 180°, three cam
openings are spaced by 120°, four cam openmings are spaced
by 90° and so on. FIG. 3D illustrates a side view of an
attachment mount 200 configured with two circumierential
grooves 216, each of which is sized to receive a cam spring
154 or portion thereof. As can be seen 1n this example, each
circumierential groove 216 1s positioned along a proximal or
distal portion of the cam opening 218 so that the cam spring
154 engages a side portion of the cam body 164, which 1s
discussed 1n more detail below. Lock/unlock indicia 230 are
included on the mount distal end portion 204, which align
with a respective indicator on the clutch collar 142 to
communicate to the user that the mounting assembly 100 1s
in a locked or unlocked position.

In some embodiments, the mount middle portion 208
defines a spring opening 220 extending through the sidewall,
such as having a shape of an elongated slot, oval, or the like.
As shown i FIG. 3B, an inner spring recess 224 can be
formed 1n the inside surface proximal of the annular wall
222 to recerve a secondary wire spring 180 with an outward
bend 182 that protrudes through the spring opening 220. In
some embodiments, the mmner spring recess 224 1s located
proximally of an annular wall 222 that 1s positioned approxi-
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mately between mount distal end portion 204 and mount
middle portion 208. The secondary wire spring 180 1s usetul
to bias the clutch collar 142 to occupy either the unlocked or
locked position by the outward bend 182 occupying a recess
in the clutch collar 142, as will be discussed 1n more detail
below.

Referring now to FIGS. 4A and 4B, a side view and a rear
perspective view 1llustrate the attachment mount 200
together with components of a locking structure 160, in
accordance with an embodiment of the present disclosure.
FIG. 4C 1llustrates a rear perspective view of an attachment
mount 200 1n accordance with another embodiment, and
FIGS. 4D-4E 1llustrate side and rear perspective views of an
attachment mount 200 i accordance with yet another
embodiment. The embodiments of FIGS. 4A-4E will be
discussed concurrently. The locking structure 160 includes
at least one cam 162, with each cam disposed 1n a cam
opening 218. Each cam 162 is retained by and can pivot
about a dowel pin 226 or the like. In combination with the
clutch collar 142, which 1s discussed below, the cams 162
can be rotated to frictionally engage the sleeve portion 126
of the muzzle adapter 110 when the clutch collar 142 1s
moved to a locked position. When the clutch collar 142 1s
moved to the unlocked position, the cams 162 rotate in the
opposite direction to disengage from the muzzle adapter
110. It 1s contemplated that the cams 162 could similarly
engage another structure attached to the muzzle adapter 110,
such as a ring, sleeve, or the like.

In the embodiment of FIGS. 4A-4C, a cam spring 154
extends around the mount middle portion 208 1n a tensioned
state (1.e., expanded) and 1s at least partially received 1n the
circumierential groove 216. The cam spring 154 contacts a
portion of each cam 162. In one embodiment, for example,
the cam spring 154 has a bend 155 with a first end 154a
received 1 an opening located along the circumierential
groove 216. With the first end 154a retained in a fixed
location, the cam spring 154 extends along the radially
outside portion of each cam 162 to a free second end 1545.
As the cams 162 rotate between diflerent positions, the cam
spring 154 1n turn changes between larger and smaller
diameters and applies a spring force to the cams 162.

FIG. 4C 1llustrates a rear perspective view ol an attach-
ment mount 200 configured with a pair of cam springs 154,
in accordance with another embodiment of the present
disclosure. In this example, each cam spring 154 1s config-
ured as a garter spring, which 1s discussed in more detail
below with reference to FIG. 6B. Note that for clarity of
illustration each cam spring 154 1s illustrated as a solid body
without coil detail. Similar to the embodiments of FIGS.
4A-4B, each cam spring 154 engages the cams 162 and
applies a radially inward spring force to bias the cams 162
towards the locked position.

In the embodiment of FIGS. 4D-4E, the cam springs 154
are configured as double torsion springs with first legs 190
and second legs 192. In this embodiment, each cam spring
154 1s retained by a dowel pin 226 extending through the
loop 194 of the torsion spring. Note that dowel pins 226 also
retain the cams 162, for a total of six dowel pins 226 1n this
example. The first legs 190 of each cam spring 154 engage
the mount body along the circumierential groove 216 and
the end portion 193 of second legs 192 of each cam spring
154 engage the cam 162.

As also shown 1n FIGS. 4A-4E, the outward bend 182 of
the secondary wire spring 180 protrudes through the spring
opening 220 to engage the clutch collar 142 and bias the
clutch collar 142 to occupy either the locked or unlocked
position, i accordance with some embodiments. The
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remainder of the secondary wire spring 180 1s retained 1n a
spring recess 224 along the inside of the mount middle
portion 208.

Referring now to FIGS. 5A-5C, a bottom perspective
view, a side view, and a top perspective view, respectively,
illustrate a cam 162 in accordance with an embodiment of
the present disclosure. FIGS. 5D and SE illustrate a side
view and a perspective view, respectively, of a cam 162, in
accordance with another embodiment. In these example
embodiments, cam 162 includes a cam body 164 with a pin
opening 166 therethrough for rotation about a dowel pin
226, fastener, or the like. The cam body 164 has an arcuate
cam surface 168 that 1s eccentric about the pin opening 166.
That 1s, the radial distance D from the pin opening 166 to the
cam surtface 168 changes along the cam surface 168. The
cam surface 168 1s configured to engage the sleeve portion
126 of the muzzle adapter 110 when the attachment assem-
bly 100 1s in the locked position. In some embodiments, the
cam surface 168 follows the shape of a logarithmic or
equiangular spiral. In other embodiments, the cam surface
168 1s an arc, which closely approximates a logarithmic or
equiangular spiral along short distances, as will be appreci-
ated. Other cam shapes are acceptable provided that the cam
surface 168 increasingly engages the muzzle adapter 110
when rotated 1n one direction and decreasingly engages the
muzzle adapter 110 when rotated in the opposite direction,
as will be appreciated.

The cam 162 includes a lever arm 170 extending radially
outward from the cam body 164. In one embodiment, the
lever arm 170 has catch 176 defined by a concave face
adjacent a corner formed with an end face 177 of the lever
arm 170. In one embodiment the end face 177 has a
generally arcuate form with 1ts curvature equal to or larger
than the curvature of the inside surface 1435 of the clutch
collar 142. In other embodiments, the end face can be flat
177. For example, the catch 176 facilitates engagement with
a surface moving towards the lever arm 170 1n a direction
perpendicular to the axis of rotation about the pin opening,
166. The catch 176 could similarly be defined, for example,
by a protrusion or other geometry that provides a suitable
surface to engage the clutch collar 142. One example of such
a surtace defines an angle of 90° or less with respect to the
surface contacting the lever arm 170, as will be appreciated.

In one embodiment, such as shown in FIGS. 5A-5C, the
lever arm 170 has a split or forked design with two portions
arranged 1n a generally parallel, spaced-apart configuration.
In such a configuration the lever arm 170 accommodates the
cam spring 154 1 a gap 174 between the portions of the
lever arm 170. In other embodiments, the cam spring 154 (or
a pair thereol) contacts the cam body 164 along an outer face
of the lever arm 170. In other embodiments, such as shown
in FIGS. SD-5E, a single lever arm 170 extends from the
cam body 164 and 1s constructed to permit a cam spring 154
to engage the cam body 164 on either or both sides of the
lever arm 170. In the example of FIGS. 5D-SE, the lever arm
170 1s centrally located between spring grooves 165 that
extend along portions of the cam body 164. The spring
grooves 165 promote the desired position of the cam spring
154 on the cam body 164 by providing a slightly recessed
position of lower energy. Here, the spring grooves 165 have
a concave shape consistent with a circular profile of a cam
spring 134 made of circular wire. Accordingly, the cam
spring 154 can make contact with the spring groove 165 at
more than one point in contrast to single point contact
between a cylindrical spring and a flat or relatively flat
surface. The cam 162 of FIGS. 5D-5E is constructed for use

with cam springs 154 having, for example, a generally
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circular or hoop shape, such as shown i FIGS. 6 A-6B, or
with a torsion spring, such as shown 1 FIG. 6C. Examples
of cam springs 154 are discussed in more detail below.
Numerous vanations and embodiments will be apparent in
light of the present disclosure.

The cam 162 includes a protrusion or second arm 172

extending radially outward from the cam body 164. When
viewed from the side as 1n FIG. 5B or 5D, the second arm

172 1s rotated by an angle ¢ about 0-90° from lever arm 170,
including 20-90° such as 30-60°, or about 45°, thereby
defining a V shape with the cam body 164 in some embodi-
ments. In other embodiments, the second arm 172 1s gen-

erally aligned with the lever arm 170, where angle 0 1s from
0-5°, for example. In one embodiment, the lever arm 170
extends generally opposite of part of the cam surface 168
having the greatest distance D to the pin opening 166.
Accordingly, when the cam surface 168 engages the sleeve
portion 126 of the muzzle adapter 110, the lever arm 170
generally extends radially outward (e.g., £20°) and 1s there-
fore positioned to engage the clutch collar 142 as 1t moves
between the locked and unlocked positions, 1n accordance
with some embodiments.

In one embodiment, such as shown 1n FIGS. 5A-5C, the
second arm 172 1s aligned with the gap 174 between the
spaced-apart portions of the lever arm 170. Thus, when the
cam spring 154 1s received 1n the gap 174, the second arm
172 can rotate to contact the cam spring 154 in some
positions of the cam 162. In the various embodiments, the
cam spring 154 applies a spring force to the second arm 172
that biases the cam 162 towards the locked position. This
spring force 1s overcome when the user rotates the clutch
collar 142 to the unlocked position. In doing so, the second
arm 172 rotates 1nto the cam spring 154 to expand the cam
spring 154. The cams 162 may be alternately or additionally
rotated by direct engagement with the lever arm 170, such
as by contact with the clutch collar 142.

The cam 162 can be configured to prevent over-rotation.
For example, as the cam 162 rotates through the locked
position, the cam spring 154 will contact the cam body 164
in the gap 174 between the split lever arm 170 portions.
Similarly, in the embodiment shown in FIGS. SD-5E, the
cam spring can engage the cam body 164 along opposite
sides of the lever arm 170. In such positions, the cam spring
154 may be unable to further contract to a smaller size (or
position of lower energy) and also may no longer apply the
spring force to the second arm 172. Similarly, the second
arm 172 can be sized to expand the cam spring 154 to abut
the inside of the clutch collar 142 when moved to the
unlocked position. In absence of the muzzle adapter 110 to
stop rotation of the cam 162 due to physical interference,
this feature may be used as a stop to prevent over-rotation in
the direction of the locked position, also referred to as the
“free” position.

FIG. 6 A 1llustrates a perspective view of a cam spring 154
in accordance with an embodiment of the present disclosure.
The cam spring 154 1s configured as a wire spring that
extends from a first end 154q to a second end 1545 along a
generally circular path, where the first end 154q and second
end 1545 are discontinuous. In some embodiment, the cam
spring 154 has a bend 155 adjacent first end 154a. In one
embodiment, the bend 155 15 about 90°; other angles for the
bend 155 are acceptable. In other embodiments, the first end
154a defines a loop, hook, or other catch structure. Accord-
ingly, the first end 154a can be installed into an opening,
engage a catch surface, or otherwise be maintained in a fixed
position on the attachment mount 200. With the first end
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1545 of the cam spring 154 retained in the opening, the cam
spring 154 expands or contracts as the cams 162 rotate from
one position to another.

Although the cam spring 154 1s described i some
embodiments as being a wire spring clip istalled around the
attachment mount 200 1n an expanded state, other configu-
rations of the cam spring 154 are acceptable. For example,
the cam spring 154 can be a wire spring installed 1 a
compressed state along the inside circumiference of the
attachment mount. In other embodiments, the cam spring
154 can be a coil spring, torsion spring, or other suitable
spring. Depending on the configuration, the cam spring 154
can apply a spring force in a radially inward direction, a
radially outward direction, or some other direction that
biases the cam 162 towards the locking position. Numerous
variations and embodiments will be apparent in light of the
present disclosure.

FIG. 6B illustrates a perspective view of a cam spring 154
with a garter spring configuration, 1n accordance with
another embodiment of the present disclosure. In this
example, the cam spring 154 is essentially a helical coil
assembled into a closed loop. In some embodiments, for
example, the closed loop can be formed by threading the
tapered first end 154a portion of the helical coil nto the
second end 15456 portion.

FIG. 6C 1llustrates a perspective view of a cam spring 154
configured as a double torsion spring, in accordance with
another embodiment of the present disclosure. In other
embodiments, the cam spring 154 can be a single torsion
spring with similar construction or two single torsion springs
arranged 1n parallel, as will be appreciated. In this example,
the cam spring 154 has first legs 190 connected to second
legs 192 by a loop 194 between each first leg 190 and second
leg 192. The first legs 190 are joined at their distal end by
a bridge portion 191. Each of the second legs 192 includes
a slight bend 193 adjacent the end portion 193. In 1ts resting
state 1n this example, a torsion spring (or double torsion
spring as shown here) defines an angle {3 the first legs 190
and second legs 192 of less than 180°. The spring can be
placed 1n a higher energy state (e.g., a compressed state) by
moving the first arms 190 towards the second arms 192 and
reducing the angle 3. The spring can also be placed in a
higher energy state (e.g., an expanded state) by moving the
first arms 190 away from the second arms 192 and increas-
ing the angle p. In one embodiment, the cam spring 154 1s
installed 1n the attachment mount 200 with a pin 226
extending through the loop 194 and the cam spring 154 is
positioned so that the bridge portion 191 (or first leg(s) 190)
engages the mount body and the end portion 193 of each
second leg 192 can engages the cam 162 1n at least some
positions of the cam 162. For example, the end portions 193
engage spring grooves 165 of the cam 162 1n most cam
positions (shown i FIGS. 5D-5E). When the cam spring
154 1s configured as a torsion spring, the mounting assembly
100 may benefit from increased reliability. For example, 1f
one torsion spring fails, it may aflect the operation of the
particular cam 1t engages, whereas a failure of a circular
spring can aflect the function of all cams 162.

FI1G. 7 1llustrates a perspective view of the secondary wire
spring 180, 1n accordance with an embodiment of the present
disclosure. The secondary wire spring 180 extends from a
first end 180aq to a second end 1805 along a generally
circular path, where the first end 180a 1s discontinuous with
the second end 180b. For example, the secondary wire
spring 180 spans about 270° of a circle from first end 180q
to second end 1805b. In one embodiment, the secondary wire
spring 180 includes a protrusion or outward bend 182 that
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deviates radially outward from the circular shape. The
outward bend 182 is positioned to protrude through the
spring opening 220 1n the mount body 202 as discusse
above. The secondary wire spring 180 1s not essential to the
operation of the mounting assembly 100, but 1s useful to
reduce or prevent excess movement in the clutch collar 142,
to define energetically preferred positions for the clutch
collar 142 (erther locked or unlocked), and to give the user
tactile feedback when the clutch collar 142 1s moved from
one position to another.

Referring now to FIGS. 8 A-8C, a front perspective view,
a front elevational view, and a rear perspective view, respec-
tively, illustrate a clutch collar 142 1n accordance with an
embodiment of the present disclosure. The clutch collar 142
has a cylindrical collar body 143 extending along the bore
axis 102 from a proximal end 142q to a distal end 1425. The
clutch collar 142 1s configured 1n some embodiments to
overlap all or part of the mount proximal end portion 206
and the mount middle portion 208 of the attachment mount
200 (shown i FIGS. 3A-3C). In other embodiments, for
example the collar body 143 overlaps and rotates only about
the mount middle portion 208 and 1s retained between the
mount distal end portion 204 and an end cap or locking nut
2350 secured to the mount proximal end portion 206, as will
be appreciated. In one embodiment, the collar body 143 has
a rim 145 of reduced thickness adjacent the distal end 1425
that overlaps a corresponding region of the attachment
mount 200 that 1s adjacent the mount distal end portion 204.

In some embodiments, the collar body 143 optionally has
an outside surface 143a that facilitates being gripped by a
user. For example, the outside surface 143a includes a
surface coating, grooves, knurling, or other feature suitable
to facilitate rotation by the user 1 a variety of operating
environments.

An 1nside 1436 of the collar body 143 1s configured to
accommodate and operate with the locking structure 160. In
the embodiment of FIGS. 8 A-8C, the 1nside 143 defines one
or more axial slots or clearance recesses 146 that correspond
to components of the locking structure 160, such as cams
162. The nside 1435 also defines a circumierential groove
149 to recerve the cam spring 154 when 1t 1s 1n its expanded
state (e.g., unlocked position). As the clutch collar 142
rotates between the unlocked position and the locked posi-
tion, each clearance recess 146 provides space for the cam
160 to rotate. When moving between the locked and
unlocked positions, for example, the lever arm 170 can
occupy various positions in the clearance recess 146. In an
unlocked position, the lever arm 170 1s positioned so that the
end face 177 of the lever arm 170 1s generally tangential to
and slides along the inside 14356 of the clutch collar 142,
which prevents rotation of the cam 162 towards the lower-
energy state of the locked position, 1n accordance with some
embodiments.

In some embodiments, the clearance recesses 146 are
shaped to include recess sidewalls 147 that engage the lever
arm 170 and rotate the cam 162 into or out of engagement
with the muzzle adapter 110. Direct engagement with the
lever arm 170 may occur, for example, when moving the
clutch collar 142 to the unlocked position. In the unlocked
position, the cam spring 154 1s converted to a higher-energy
state because 1t 1s expanded to a larger size. In one embodi-
ment, one of the recess sidewalls 147 directly engages the
lever arm 170 to rotate the cam 162 against the force of the
cam spring 1354 acting on the second arm 172. This move-
ment to the unlocked position causes the second arm 172 to
expand the cam spring 154 and the cam surface 168 to
disengage from the muzzle adapter 110. In contrast, when
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rotating to the locked position, the cam spring 154 seeks to
occupy the lower-energy state of a smaller circumierence
and applies a force to the second arm 172, thereby rotating
the cam 162 to the locked position with the cam surface 168
engaging the muzzle adapter (when present). Since the cam 5
spring 154 preferentially moves to the lower-energy condi-
tion of the less expanded state, the cam 162 does not require
direct engagement from the clutch collar 142 to rotate
towards the locked position.

In one embodiment, the inside 1435 of the clutch collar 10
142 defines one or more spring recesses 150 adjacent the rim
145. The clutch collar 142 can define a spring recess 150 for
cach of one or more desired positions of the clutch collar
142, such as the locked position and the unlocked position.
Each spring recess 130 can have a shape corresponding to 15
that of the outward bend 182 of the secondary wire spring
180. In each of the locked and unlocked positions of the
clutch collar 142, for example, the outward bend 182
occupies a respective one of the spring recesses 150. When
the clutch collar 142 1s rotated, a ramp 151 between the 20
spring recesses 150 engages the outward bend 182 of the
secondary wire spring 180 and compresses the spring radi-
ally mmward towards the bore axis 102. After passing the
ramp 151, the spring expands and the outward bend 182
again occupies one of the spring recesses 150. In some 25
embodiments, the user may feel the secondary wire spring
180 “snap” or settle into place when the clutch collar 142 1s
moved to either the locked or the unlocked positions. In
other embodiments, the clutch collar 142 may define only
one spring recess 150 corresponding to a preferred position 30
of the clutch collar 142 (e.g., the locked position). In yet
other embodiments, the clutch collar 142 defines more than
two spring recesses 150, some or all of which can corre-
spond to a particular position.

The clutch collar 142 includes a proximal wall 144 with 35
an annular shape that connects to an inside of the collar body
143 at or near the proximal end 142a. The proximal wall 144
extends radially inward toward the bore axis 102. In one
embodiment, the proximal wall 144 defines notches 148
corresponding 1n location to pins 226 (shown in FIG. 4B) 40
extending through each of the cams 162. In some embodi-
ments, each notch 148 defines stop surfaces 148a that
contact the corresponding pin 226 to prevent over rotation of
the clutch collar 142 when moving to either of the locked or
unlocked positions. 45

The proximal wall 144 may abut or be positioned closely
adjacent the proximally-facing surface 208a of the mount
middle portion 208. Accordingly, the rim 145 at the distal
end 1426 and the proximal wall 144 near the proximal end
142a can function as stops to prevent the clutch collar 142 50
from moving distally along the attachment mount 200. A
locking nut 250, snap ring, cap, or other device installed on
the mount proximal end portion 206 to {ix the proximal
position of the clutch collar 142 along the attachment mount.
Accordingly, removal of the locking nut 250 or other struc- 55
ture would allow disassembly of the mounting assembly 100
for service or repair, as will be appreciated.

FIGS. 8D and 8E 1illustrate a perspective view and an end
view, respectively of a clutch collar 142, 1n accordance with
another embodiment of the present disclosure. This example 60
embodiment 1s similar 1 structure and operation to the
clutch collar 142 of FIGS. 8A-8C, with a few exceptions. In
this embodiment, the inside of the clutch collar 142 defines
two circumierential grooves 149 to provide clearance for
cam springs 154, whether configured as a torsion spring or 65
circular spring. The clutch collar 142 also defines additional
clearance recesses 146 to accommodate the pins that may be
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used to retain the torsion springs on the attachment mount
200. Also, the proximal wall 144 defines additional notches
148 to provide clearance for pins 226 used to retain torsion
springs. Lands 159 between notches 148 are positioned to
engage the lever arm 170 of the cams 162 when the
assembly 1s 1 a locked position.

Referring now to FIGS. 9A-9B, front and rear perspective
views, respectively, show a locking nut 250 1n accordance
with an embodiment of the present disclosure. The locking
nut 250 has an annular nut body 252 with a proximal face
254 and a distal face 256. The nut body 252 defines a female
thread 2358 along a radially inner surface 260. The nut body
252 defines one or more tabs 262 with a radially outer end
portion 264 attached to the nut body 252 at a radially outer
position on the nut body 252 and extending unattached
radially inward to an 1inner end portion 266 with an inner tab
end 268. The inner tab end 268 1ncludes a portion 258a of
the female thread 258. A fastener 269 can be advanced
axially through the nut body 252 to contact the tab 262. For
example, as the fastener 269 1s advanced axially through the
nut body 252, 1t engages the radially imner end portion 266
of the tab 262 and detlects it axially, thereby misaligning the
tab portion of the female thread 258a with respect to the
primary portion of the female thread 258 along the radially
inner surface 260. This misalignment causes the tab portion
of the female thread 258a and to frictionally engage the
corresponding male thread 207 on the mount proximal end
portion 206. As such, the locking nut 250 resists unscrewing
from the attachment mount 200 due to vibration or the like.

A locking nut 250 1n accordance with the present disclo-
sure can be made using a variety of methodologies, as will
be appreciated. In one embodiment, the female thread 258 1s
defined along the radially mnner surface 260. Slots 270 are
cut axially into the nut body 2352 to define the general shape
of the tab 262. An undercut 272 1s then defined that extends
radially outward between the tab 262 and the remaiming
portion of the nut body 252. Threaded openings 271 can then
be formed through the nut body 252 to the undercut 272.
Additional finishing and machining can be performed as
needed to shape the tab 262 as desired.

Embodiments of the locking nut 250 1n accordance with
the present disclosure advantageously provide a compact
structure that screws onto the mount proximal end portion
206 and can be locked 1n place using one or more fastener
269. Although three fasteners 269 are shown, more or fewer
fasteners 269 may be used. It 1s contemplated that embodi-
ments of the locking nut 250 can be used with the mounting
assembly 100, or as part of other mechanical assemblies, as
will be appreciated. Numerous configurations and variations
will be apparent in light of this disclosure.

Referring now to FIG. 10, a cross-sectional view taken
along line A-A of FIG. 1C 1llustrates the mounting assembly
100 1n accordance with an embodiment of the present
disclosure. The mounting assembly 100 1s assembled with
the attachment mount 200 threaded onto the muzzle adapter
110. The taper 128 on the distal end portion 116 of the
muzzle adapter 110 mates with a corresponding taper
defined inside the attachment mount 200. The secondary
wire spring 180 1s received in the iner spring recess 224
with the outward bend 182 extending through the attachment
mount 200 and received 1n a spring recess 150 1n the clutch
collar 142. The clutch collar 142 overlaps the mount middle
portion 208 and part of the mount proximal end portion 206.
The proximal wall 144 of the clutch collar 142 1s against or
close to the proximally-facing surface 208a of the mount
middle portion 208. The rim 145 of the clutch collar 142

overlaps the attachment mount 200 adjacent the mount distal
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end portion 204. As 1llustrated, the cam spring 154 has the
smaller size associated with the locked position, and 1s
positioned between portions of the lever arm 170. The cam
spring 154 can be expanded in the unlocked position to
occupy the circumierential groove 149 1n the clutch collar
142. A cam 162 1s shown with the cam surface 168 engaging
the sleeve portion 126 of the muzzle adapter 110. A dowel
pin 226 extends axially through the cam 162 and into the
attachment mount 200. The locking nut 250 1s threaded onto
the proximal end portion 206 of the muzzle attachment 200
to maintain the assembled structure of the mounting assem-
bly 100. The fastener 269 1s advanced through the locking
nut 250 to engage the tab 262 of the locking nut 250.

The axial position of the clutch collar 142 on the attach-
ment mount 200 1s limited or maintained by one or more
stop points 1n the mounting assembly 100. One stop point 1s
the proximally-facing surface 208a of the mount middle
portion 208, which limits the distal position of the clutch
collar by contact with the proximal wall 144. The proximal
wall 144 also abuts or 1s closely adjacent the locking nut 250
installed on the proximal end portion 114 of the muzzle
adapter 110. Another stop point 1s the distal end 14256 or rim
145 of the clutch collar 142 abutting the mount distal end
portion 204. Another stop point 1s the cam spring 1354
retained partially 1in the circumierential groove 149 along the
inside 1435 of the clutch collar 142 and partially 1n the
circumierential groove(s) 216 1n the outside surface of the
attachment mount 200, 1n accordance with some embodi-
ments. Yet another stop point 1s the outward bend 182
engaging one of the spring recesses 150 adjacent the rim 1435
of the clutch collar 142. One or more of these stop points
may be utilized to maintain or limit the axial position of the
clutch collar 142 with respect to the attachment mount 200.

Turning now to FIGS. 11 A and 11B, cross-sectional views
illustrate one embodiment of the mounting assembly 100 1n
an unlocked position as taken along line B-B and line C-C,
respectively, of FIG. 10. Both sections B-B and C-C show
the mounting assembly 100 as viewed looking distally
through the mounting assembly 100. FIG. 11A shows the
clutch assembly 140 1n the unlocked position. As illustrated
in this embodiment, the locking structure 160 includes cams
162 and cam spring 154. Each cam 162 1s rotated so that the
thickness of the cam body 164 from the pin opening 166 to
the cam surface 168 1s minimized or reduced to provide
clearance between the cam 162 and the muzzle adapter 110.
As such, the cams 162 are disengaged from the muzzle
adapter 110. The second arm 172 of each cam 162 extends
radially outward and contacts the cam spring 1354, maintain-
ing 1t in a higher-energy, expanded state. In this condition,
the cam spring 154 at least partially occupies the circum-
terential groove 149 defined along the iside 1435 of the
clutch collar 142. At the same time, the cam spring 154 1s
energized and applies a spring force to the second arm 172
of each cam 162, thereby urging the cams 162 to rotate
towards the locked position. However, the cams 162 cannot
turn because the end face 177 of each lever arm 170 1s
positioned outside of the clearance recess 146 and disposed
against the nside surface of the clutch collar 142, thereby
blocking rotation of the cams 162.

FIG. 11B shows the position of the secondary wire spring
180 1n the unlocked position. The secondary wire spring 180
1s 1 a compressed state, so 1t wants to expand radially
outward against the mnner spring recess 224 along the nside
of the attachment mount 200. As such, the outward bend 182
1s urged to protrude through the spring opening 220 1n the
attachment mount 200 and occupy the spring recess 150a
corresponding to the unlocked position. The second end
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1805 of the secondary wire spring 180 occupies a void 184
in the attachment mount 200.

FIG. 11C 1illustrates an example position of the cam 162
in which the end face 177 1s positioned outside of the
clearance recess 146 and therefore i1s 1n contact with the
clutch collar 142. The cam spring 154 1s illustrated 1n broken
lines for clanty. FIG. 11D illustrates a cam 162 in an
unlocked position with the end face 177 of the lever arm 170
engaging a land 159 on the inside of the clutch collar 142.
In this figure, the cam spring 154 1s shown 1n broken lines
to more clearly illustrate the position of the cam 162 with
respect to the land 159. In this example, the cam spring 154
1s a torsion spring with the end portion 193 of the second leg
192 engaging the spring grooves 165 along the second arms
164. The contact between the land 159 and the cam 162
prevents the cam 162 from rotating to a locked position.

Turning now to FIGS. 12A and 12B, cross-sectional views
illustrate the mounting assembly 100 1n a locked position as
taken along line B-B and line C-C, respectively, of FIG. 10.
When the clutch assembly 140 1s 1n the locked position as
shown 1n FIG. 12A, the cams 162 are rotated so that the cam
surface 168 engages the muzzle adapter 110. Each lever arm
170 extends radially outward and occupies a clearance
recess 146 defined in the clutch collar 142. The distance
from the pin opening 166 to the cam surface 168 1s increased
to causes the cam surface 168 to engage the muzzle adapter
110. The cam spring 154 has a less expanded state compared
to the unlocked position, but 1s still at tension and applies a
radially inward force to the second arm 172 of each cam 162,
thereby urging the cams towards more tightly engaging the
muzzle adapter 110.

The cam spring 154 1s at tension 1n the expanded state and
wants to achieve a smaller size, therefore applying a spring
force that rotates the cams 162 further into the locked
position with the cam body 164 against the cam spring 154.
Further rotation of each cam 162 in a clockwise direction
would cause each cam 162 to apply a greater gripping force
to the muzzle adapter 110. This additional rotation may
occur, for example, due to vibration or due to the user
attempting to unscrew the attachment while the mounting
assembly 100 1s 1n the locked position. The more torque that
1s applied to each cam 162, the more tightly the cam surface
168 engages the muzzle adapter 110. In this way, the locking
structure 160 1s somewhat selif-regulating 1n that a small
additional force in the locking direction 1s countered by
small additions to the grnpping force by the cams 162.
Similarly, large additional forces 1n the locking direction are
countered by large additions to the gripping force of the
cams 162.

In the absence of the muzzle adapter 110, the cam spring,
154 would further rotate the cams 162 to a “free” position 1n
which the cam spring 154 contacts the dowel pin 226 and flat
167 of the cam 162, 1n accordance with some embodiments.
In such a position, the cam spring 154 would not be able to
contract further since the cam spring 154 contacts and 1s
stopped by the dowel pin 226 and/or tlat 167 along the cam
162 1n the gap 174 between portions of the lever arm 170,
therefore preventing the cam spring 154 from further con-
tracting.

FIG. 12B shows the position of the secondary wire spring
180 1n the locked position. As with the unlocked position,
the secondary wire spring 180 1s 1n a compressed state, so 1t
wants to expand radially outward against the inner spring
recess 224 along the 1nside of the attachment mount 200. As
such, the outward bend 182 1s urged to protrude through the
spring opening 220 in the attachment mount 200 and occupy
the spring recess 15056 corresponding to the locked position.




US 10,801,796 B2

23

FIGS. 12C and 12D illustrate cross-sectional views of a
mounting assembly 100 and show the locking structure 160
in locked and unlocked positions, respectively, in accor-
dance with an embodiment of the present disclosure. In this
example, each cam spring 154 1s configured as a double
torsion spring that is retained on the attachment mount 200
by a dowel pin 226 extending through the loop 194. The first
leg 190 engages the mounting assembly 200 and the end
portion 193 of the second leg 192 engages the cam 162. As
can be seen 1n the locked position of FIG. 12C, the cam
surface 168 of each cam 162 engages the sleeve portion 126
of the muzzle adapter 110. In the unlocked position of FIG.
12D, the lever arm 170 of each cam 162 engages the land
159 on the clutch collar 142. Each cam 162 has rotated so
that the cam surface 168 1s out of engagement with the
muzzle adapter 110. The second leg 192 of each cam spring
154 has been pushed radially outward to a higher energy
state by the second arm 172 of the cam 162.

Referring now to FIGS. 13A-13E, mounting assembly
100 1s shown 1n accordance with another embodiment of the
present disclosure. FIG. 13 A 1llustrates a rear and left-side
perspective view ol the mounting assembly 100; FIG. 13B
illustrates a side elevational view of the mounting assembly
100; FIG. 13C 1illustrates a front and left-side perspective
view of the mounting assembly 100; FIG. 13D illustrates an
exploded rear and left-side perspective view of the mounting
assembly 100; and FIG. 13E illustrates an exploded front
and left-side perspective view of the mounting assembly
100. As with some embodiments discussed above, the
mounting assembly 100 includes an attachment mount 200,
a clutch assembly 140, and a muzzle adapter 110. The
attachment mount 200 1s releasably attachable to the muzzle
adapter 110 and can be secured or locked to the muzzle
adapter 110 by the clutch assembly 140 to prevent inadver-
tent disassembly. However, 1in contrast to some embodi-
ments discussed above, the clutch assembly 140 of the
mounting assembly 100 1n this embodiment 1s structured as
a trapped roller clutch. The clutch assembly 140 includes
rollers that can become trapped when the clutch collar 142
1s rotated to the locking position, but allow the attachment
mount 200 to rotate relative to the muzzle adapter 100 (e.g.,
unscrew) when the clutch collar 142 1s moved to the
unlocked position. The exploded views of FIGS. 13D and
13E show the clutch assembly 140, which includes the
clutch collar 142, the locking structure 160, and the adapter
ring 280. Components of the mounting assembly 100 will be
discussed below. Due 1n some cases to having features 1n
common with the embodiments discussed above, emphasis
will be given to features that are different.

Turning now to FIGS. 14A-14C, a rear perspective view,
a Iront perspective view, and a side view, respectively,
illustrate a muzzle adapter 110 1n accordance with another
embodiment of the present disclosure. In some embodi-
ments, the muzzle adapter 110 1s configured with a female
thread 120 1n the proximal end portion 114 for installation on
a threaded end portion 510 of a barrel 505. The muzzle
adapter 110 can be configured to threadably engage a muzzle
attachment 5135 and includes a female thread 122 along the
inside surface of the distal end portion 116.

In one embodiment, the muzzle adapter 110 1includes one
or more ridges 133 extending axially along the adapter body
112. In embodiments with a plurality of ridges 133, the
ridges can be separated or interspersed with valleys 134.
Although described as valleys 134, such features need not be
recessed into the adapter body 112, but can instead be a
region of reduced diameter compared to one or more adja-

cent ridge 133. The ridges 133 and valleys 134 can be
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distributed evenly or unevenly about the circumierence of
the adapter body 112, such as 1n an alternating pattern of
ridges 133 and valleys 134. In some embodiments, the
ridges 133 and valleys 134 have the same or similar cir-
cumierential width, however, this 1s not required. In other
embodiments, the adapter body 112 has two, three, four, or
more ridges 133 that may be distributed evenly or unevenly
about the circumference. In another embodiment, the
adapter body 112 has only one ridge 133 that may be
received 1n a corresponding slot 1n the adapter ring 280, or
viCe versa.

In some embodiments, the muzzle adapter 110 defines a
male thread 130 along a distal end portion 116 of the adapter
body 112. The male thread 130 1s configured to threadably
engage a female thread 212 1n the attachment mount 200.
For example, the attachment mount 200 can be screwed onto
the muzzle adapter 110. In one embodiment, the male thread
130 crosses (e.g., 1s cut through) a portion of the rndges 133
and/or valleys 134. In another embodiment, the male thread
130 1s cut through only the ndges 133. In yet other embodi-
ments, the male thread 130 i1s positioned distally of the
ridges 133 and does not cut through the nndges 133. Numer-
ous embodiments and variations will be apparent 1n light of
the present disclosure.

Referring now to FIGS. 15A and 15B, a rear perspective
view and a front perspective view, respectively, 1llustrate an
adapter ring 280 in accordance with an embodiment of the
present disclosure. The adapter ring 280 1s constructed to
permit the muzzle adapter 110 to move axially therethrough.
In one embodiment, the adapter ring 280 has a generally
circular ring body 281 with an inside surface 281a and an
outside surface 28154. In one embodiment, the inside surface
281a of the adapter ring 280 defines ring ridges 282 and ring
valleys 284 corresponding to respective valleys 134 and
ridges 133 on the muzzle adapter 110. For example, ridges
133 on the muzzle adapter 110 correspond to the ring valleys
284 1n size, shape, and location. Similarly, the valleys 134 on
the muzzle adapter 110 correspond to ring ridges 282 1n size,
shape, and location. Accordingly, the muzzle adapter 110
can move through the adapter ring 280 in an axial direction,
but 1s prevented from rotating about the bore axis 102 with
respect to the adapter ring 280 due to the interference of the
ridges 133 with ring valleys and the valleys 134 with the ring
ridges.

In an embodiment, the adapter ring 280 includes one or
more spring housings 285 protruding radially from the
outside surface 28156 of the ring body 281. For example,
cach spring housing 285 is constructed to retain one or more
roller springs 286 that extend from the spring housing 283
in a tangential direction along the outside surface 2815 of the
ring body 281. In one embodiment, the outside surface 2815
includes a tlat 283 adjacent each spring housing 285. The flat
283 provides a rolling surface for the roller 287. The springs
286 are configured to bias the roller 287 towards a position
of contact with both the outside surface 2815 of the ring
body 281 and the inside surface 203 of the mount proximal
end portion 206. In some embodiments, one or more of the
spring housings 285 defines a socket 288 extending axially
into the spring housing 285. In one embodiment, the socket
288 1s a blind bore sized to receive an indexing pin 156 or
the like from the proximal wall 144 of the clutch collar 142.

Referring now to FIGS. 16 A-16C, a rear perspective view,
a Iront perspective view, and a Iront elevational view,
respectively, 1llustrate a clutch collar 142 1n accordance with
another embodiment of the present disclosure. In this
embodiment, the proximal wall 144 1s connected to the
proximal end 142a of the collar body 143 and defines a
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central opening therethrough. One or more protrusions 152
extend axially from the inside face of the proximal wall 144
in locations corresponding to the spring housings 285. For
example, each protrusion 152 1s positioned to overlap the
outside surface 2815 of the adapter ring 280 between spring
housings 285. As the clutch collar 142 rotates towards the
unlocked position, each protrusion 152 engages one of the
rollers 287. In one embodiment, the protrusions 1352 are
radially spaced from the inside 1435 of the collar body 143
to define a radial gap 153 between the protrusion 152 and the
collar body 143. For example, the radial gap 153 is sized to
receive the mount proximal end portion 206. Optionally, one
or more 1mndexing pins 156 extend axially from the proximal
wall 144 to be received 1n a corresponding socket 288 1n the
spring housing 285 of the adapter ring 280 (shown i FIG.
15A). In some embodiments, the indexing pin(s) 156 also
can be used to retain the adapter ring 280 1n the locked or
unlocked position after 1t 1s rotated. In some embodiments,
the indexing pin(s) 156 can function as a standodl to prevent
the proximal face of the adapter ring 280 from directly
engaging the inside face of the proximal wall 144, a situation
that may result 1n frictional engagement that inhibits opera-
tion of the clutch assembly 140.

Referring now to FIGS. 17A and 17B, a rear perspective
view and a front perspective view, respectively, illustrate an
attachment mount 200 in accordance with another embodi-
ment of the present disclosure. In this embodiment, the
attachment mount 200 has a mount distal end portion 204,
a mount middle portion 208, and a mount proximal end
portion 206. The mount middle portion 208 has a reduced
outer diameter compared to the mount proximal end portion
206 and to the mount distal end portion 204. In some
embodiments, the mount distal end portion 204 can be
configured to releasably attach to a muzzle device, such as
threaded engagement to a suppressor or the like. In other
embodiments, the mount distal end portion can be perma-
nently secured to or made as an integral part of a muzzle
device. In other embodiments, the mount middle portion 208
1s configured to attach to the muzzle device 513, such as by
threaded engagement with a female thread 212. Numerous
variations and embodiments will be apparent in light of the
present disclosure.

In some embodiments, the mount proximal end portion
206 has a smooth outer and 1nner surface that 1s received 1n
the radial gap 153 of the clutch collar 142. For example, the
radial gap 153 in the clutch collar 142 provides suflicient
clearance for the mount proximal end portion 206 so that the
clutch collar 142 freely rotates with respect to the attach-
ment mount 200. In some embodiments, a split wave spring,
228 (shown 1n FIGS. 13D-13E) can be installed over the
mount middle portion 208. The wave spring 228 can be
compressed to fit along the inside 1435 of the clutch collar
142 to retain the clutch collar 142 on the attachment mount
200. For example, the wave spring 228 frictionally engages
a groove 157 1n the clutch collar 142 and rotates about the
mount middle portion 208. In some such embodiments, the
split wave spring 228 can be removed from the collar groove
1577 and the clutch collar 142 can then be removed 1n an axial
direction to disassemble the mounting assembly 100.

When assembled, the adapter ring 280 can be placed
against the mnside (distal) face of the proximal wall 144 with
the spring housings 285 positioned between adjacent pro-
trusions 152. The adapter ring 280 can be rotated about the
bore axis 102 so that the socket(s) 288 align with the
indexing pin(s) 156 extending from the proximal wall 144.
The attachment mount 200 can then be assembled to the
clutch collar 142 by installing the mount proximal end
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portion 206 1n the radial gap 153 between the protrusions
152 and the collar body 143. The wave spring 228 can be
compressed circumierentially to be installed in the groove
157 of the clutch collar 142 and against the side of the mount
middle portion 208.

Referring now to FIG. 18, a cross-sectional view taken
along line D-D of FIG. 13B illustrates the mounting assem-
bly 100 in accordance with an embodiment of the present
disclosure. The muzzle adapter 110 1s attached to the attach-
ment mount 200 by threaded engagement between the male
thread 130 on the muzzle adapter 110 and the female thread
212 along the side of portions of the mount middle portion
208 and mount proximal end portion 206. The taper 128 on
the distal end portion 116 of the muzzle adapter 110 engages
corresponding, matching taper on the inside of the mount
middle portion 208. In one embodiment, the proximal end
portion 114 of the muzzle adapter 110 1s configured with a
temale thread 120 for threaded attachment to the threaded
end portion 510 of a barrel 505 (shown i FIG. 1C). The
adapter ring 280 1s 1nstalled over the muzzle adapter 110 and
1s recerved 1n the mount proximal end portion 206. As the
attachment mount 200 1s threaded onto the muzzle adapter
110, the muzzle adapter 110 can move axially with respect
to the adapter ring 280 as needed, such as until the taper 128
abuts the corresponding tapered surface of the attachment
mount 200, the mount proximal end portion 206 abuts the
proximal wall 144 of the clutch collar 142, and/or the
proximally facing surface 208a of the mount middle portion
208 abuts the adapter ring 280. The mount proximal end
portion 206 1s recerved in the radial gap 153 of the clutch
collar 142. The wave spring 228 i1s installed around the
mount middle portion 208 and inside the groove 157 of the
clutch collar 142, thereby retaining the clutch collar 142
assembled with and rotatable about the attachment mount
200. The mount distal end portion 204 optionally defines a
mouth 205 with a mouth taper or wall 205a. A muzzle device
5135 can be secured to the attachment mount 200 by threaded
engagement with female threads (not shown) 1n the mouth
203, or by mstallation in the mouth 203 using a ship fit and
followed by welding or securing with fasteners, to name a
few examples. To remove the attachment mount 200, the
clutch collar 142 can be moved to the unlocked or release
position to disengage the locking rollers 287, followed by
unscrewing the attachment mount 200 from the muzzle
adapter 110. The mounting assembly 100 1s shown 1n the
unlocked position in FIG. 18 as indicated by a small
clearance gap between the roller 287 and the mount proxi-
mal end portion 206.

Referring now to FIGS. 19A and 19B, cross-sectional
views taken along line E-E of FIG. 18 1llustrate the locking
assembly 100 1n the locked position and the unlocked or
released position, respectively. FIGS. 19A and 19B both
show the mounting assembly 100 as viewed looking distally
along the bore axis 102. The mounting assembly 100 1s 1n
the locked position 1n FIG. 19A. Here, the clutch collar 142
has been rotated clockwise, resulting in protrusions 152
disengaging from the rollers 287. In doing so, the roller
springs 286 can move the rollers 287 into a pinched or
trapped condition between the flat 283 on the outside surface
2816 of the ring body 281 and the inside surface of the
mount proximal end portion 206.

The nng body 281 defines a pinch region 292 and a
clearance region 290 between the adapter ring 280 and the
mount proximal end portion 206. In the clearance region
290, the radial distance between the flat 283 of the outside
surface 2815 and the mount proximal end portion 206 1s
greater than the diameter of the rollers 287. In the pinch
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region 292, the radial distance between the flat 283 section
of the outside surface 2815 of the adapter ring 280 and the
mount proximal end portion 206 1s less than the diameter of
the rollers 287. When the rollers 287 are in the pinch region
292, the rollers 287 engage both the flat 283 on the outside
surface 28156 of the rning body 281 and the mnside of the
mount proximal end portion, thereby binding the assembly
and preventing the attachment mount 200 from rotating (i.e.,
unscrewing) relative to the adapter ring 280. The roller
springs 286 bias the rollers 287 towards the pinch region
292. Accordingly, the mounting assembly 100 resists 1oos-
cning of the attachment mount 200 due to vibration, recoil
forces, or the like. For the same reason, the mounting
assembly 100 also prevents attempts to intentionally remove
the attachment mount 200 without first moving the clutch
assembly 140 to the unlocked position. In some embodi-
ments, components of the mounting assembly 100 must fail
or break in order to disconnect the attachment mount 200
when the clutch assembly 140 1s 1n the locked position, as
will be appreciated.

FIG. 19B shows the mounting assembly 100 1n an
unlocked or released position, where the clutch collar 142
has been moved counterclockwise relative to the adapter
ring 280 and attachment mount 200 as shown looking
c1stally through the mounting assembly 100 as shown. In
doing so, the protrusions 152 on the clutch collar 142 engage
the rollers 287 and move them agamst the force of the roller
spring 286 into the clearance reglon 290. Each roller 287 1s
maintained 1n the clearance region 290 as required by the
position of the protrusion 152 and the spring housing 285.
With the rollers 287 in the clearance region 290, the attach-
ment mount 200 1s not restricted from unscrewing from the
muzzle adapter 110 because the rollers 287 have suflicient
space so as not to bind between the adapter ring 280 and the
mount proximal end portion 206. In some embodiments, the
clutch collar 142 automatically returns to the locked position
when released by the user due to the force of the roller
springs 286 pushing the rollers 287 against the protrusions
152 of the clutch collar 142. In such embodiments, for
example, the user may be required to hold the clutch collar
142 in the unlocked position while unscrewing the attach-
ment mount 200.

FIG. 20 illustrates a side view of a mounting assembly
100 with muzzle attachment 515 1nstalled on the barrel 505
of a host firearm 500 and aligned with the bore axis 102. In
this example, the muzzle attachment 515 1s secured to the
attachment mount 200. The attachment mount 200 is
attached to the muzzle adapter 110, which 1s threaded onto
the barrel 503.

FI1G. 21 illustrates a side view of the mounting assembly
of FIG. 20 shown disconnected from the muzzle adapter
110, which remains secured to the barrel 505 of the host
firearm 500. The muzzle attachment 5135 remains coupled to
the attachment mount 200 and the attachment mount 200
remains coupled to the clutch assembly 140. However, the
clutch assembly 140 and attachment mount 200 are sepa-
rated from the muzzle adapter 110.

Another aspect of the present disclosure 1s directed to a
method 400 of securing a muzzle attachment to the barrel of
a firearm. FIG. 22 illustrates a flowchart showing steps 1n
one embodiment of the method 400. Method 400 includes
providing 405 a mounting assembly comprising a muzzle
adapter configured to be attached to a fircarm barrel. For
example, the mounting assembly 1s any of the embodiments
of a mounting assembly as disclosed herein. An attachment
mount 1s provided 410, the attachment mount having a
one-way clutch assembly and configured for selective
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removal of the muzzle attachment from the muzzle adapter.
A muzzle attachment 1s provided 415, such as a suppressor,
a muzzle brake, a heat shield, a linear compensator, blank
firing adapter, an inert suppressor, or a flash hider. A firearm
barrel with a muzzle end portion 1s provided 420.

The muzzle adapter 1s installed 425 onto the fircarm
barrel, such as by screwing the muzzle adapter onto the
threaded end of the barrel. Other attachment methods are
acceptable as will be appreciated. The muzzle attachment 1s
attached 430 to the attachment mount. For example, the
muzzle attachment can be screwed 1nto the distal end portion
of the attachment mount. The attachment mount (e.g., with
muzzle attachment) 1s attached 435 to the muzzle adapter. In
some embodiments, attaching 435 the attachment mount to
the muzzle adapter includes moving the attachment mount to
the unlocked position.

After installing the attachment mount on the muzzle
adapter with the muzzle attachment secured to the attach-
ment mount, the clutch assembly can be moved 440 to the
locked position to engage a locking structure between the
muzzle adapter and the attachment mount, thereby prevent-
ing or imhibiting a loosening rotation of the muzzle attach-
ment relative to the muzzle adapter. In some embodiments,
moving 440 the clutch assembly to the locked position 1s
performed in the same rotational direction as disconnecting,
the attachment mount from the muzzle adapter. In some
embodiments, moving 440 the clutch assembly to the locked
position causes the locking structure to engage the body of
the muzzle adapter. For example, the locking structure
comprises one or more cams, where each cam has an arcuate
cam surface constructed to engage the body of the muzzle
adapter when the clutch assembly 1s 1n the locked position.

In another embodiment, the method 400 also includes 450
moving the clutch assembly to the unlocked position to
cause the locking structure to disengage from the body of the
muzzle adapter, and disconnecting 4535 the muzzle attach-
ment from the muzzle adapter. For example, disconnecting
455 the muzzle attachment from the muzzle adapter 1is
performed without the use of hand tools. With the muzzle
attachment secured to the attachment mount, the muzzle
attachment can be selectively removed and installed on the
firearm as needed. The clutch assembly can be moved to the
locked position to prevent inadvertent loosening of the
muzzle attachment, and moved to the unlocked position
when installing or removing the muzzle attachment from the
muzzle adapter, as will be appreciated.

In use, the mounting assembly 100 as described herein,
according to some embodiments of the present disclosure,
can be attached to the barrel 505 of a host fircarm 3500 to
facilitate installation and removal of muzzle attachments by
way of the clutch assembly 140. In some embodiments, the
mounting assembly 100 enables secure installation and
removal of muzzle attachments without the use of tools. As
discussed above, the clutch assembly 140 can utilize a
variety of locking structures 160, including cams 162 and
rollers 287. The clutch assembly 140 can be selectively
moved between a locked position and an unlocked position.
When assembled with the clutch assembly 140 in the locked
position, the locking structure 160 prevents removal or
loosening of the attachment mount 200 from the muzzle
adapter 110, whether inadvertently, intentionally, due to
vibration or recoil forces, or due to some other cause, until
the clutch assembly 140 1s moved to the unlocked position.

Some embodiments of the mounting assembly 100 can be
installed on the barrel 505 of the host firecarm 3500 and
provide a seal that prevents or reduces infiltration of pro-
pellant gases into the mounting assembly 100. The mounting
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assembly 100 enables the muzzle attachment 3515 to be
reliably attached to the barrel 505 and properly aligned with

the bore axis 102. When moved to the unlocked position, the
clutch assembly 140 permits installation or removal of
muzzle attachments since the locking structure 160 1s dis-
engaged from the muzzle adapter 110. Accordingly, an
operator may quickly remove and/or install a muzzle attach-
ment in the field without encountering time-consuming,
procedures, overtightened fasteners, baked-together inter-
taces, and other problems of existing attachment mounting
assemblies that require the use of tools to remove (or 1nstall)
the muzzle attachment.

As will be appreciated 1n light of this disclosure, and 1n
accordance with some embodiments, a mounting assembly
100 as described herein can be utilized with any of a wide
range of firearms, including but not limited to, a pistol, a ritle
(automatic, semi-automatic, bolt action, etc.), a short-bar-
reled nfle, or a pistol-caliber carbine, to name a few
examples. In some embodiments, the mounting assembly
100 can be configured for mounting any of a wide variety of
fircarm attachments to a barrel 505. For example, some
embodiments may be configured for a suppressor, a flash
hider, a muzzle brake, a linear compensator, a heat shield, or
other accessory as will be appreciated mm light of this
disclosure. The host firearm 500 can be chambered for any
ammunition ranging from .22 LR to 30 mm NATO and
everything in between (e.g., .22 LR, .223 Remington, .30
Remington, .380 Auto, .40 S&W, .45 Auto, .50 BMG,
5.56x45 mm NATO, 7.62x39 mm, 7.62x51 mm, 7.62x34
mm, 9%19 mm, 10x25 mm, 30x173 mm NATO, etc.).

Various embodiments of the mounting assembly 100 can
be constructed from any suitable material(s), as will be
apparent 1 light of this disclosure. For example, some
embodiments of the mounting assembly 100 (or individual
components thereof) are constructed from AISI 4140 steel or
from chromium- or austenitic nickel-chromium-based
alloys, such as 17-4 Stainless Steel or Inconel alloy 6235. It
may be desirable 1n some instances for mounting assembly
100 to be constructed of a material that 1s corrosion resistant,
retains strength over a large temperature range (e.g., 1 the
range of about -50° F. to 1200° F.), and/or resistant to
deformation and/or fracture at high pressures (e.g., 600-650
ps1 throughout and over 1000 ps1 1n localized areas). In a
more general sense, the mounting assembly 100 can be
constructed from any suitable material which 1s compliant,
for example, with United States Detfense Standard MIL-W-
13855 (Weapons: Small Arms and Aircraft Armament Sub-
systems, General Specification For). Other suitable materi-
als for the mounting assembly 100 may depend on a given
application and will be apparent 1n light of this disclosure.

Further Example Embodiments

The following examples pertain to further embodiments,
from which numerous permutations and configurations will
be apparent.

Example 1 1s a mounting assembly for firearm muzzle
devices, the mounting assembly comprising a muzzle
adapter with an adapter body configured to be attached to a
fircarm barrel, the adapter body having a cylindrical outer
surface; an attachment mount having a mount proximal end
portion and a mount distal end portion, the attachment
mount configured to releasably attach to the adapter body
when the muzzle adapter 1s recerved 1n the mount proximal
end portion, and configured to be secured to a firearm
muzzle device recerved 1n the mount distal end portion; and
a clutch assembly on the attachment mount, the clutch
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assembly operable between a locked position and an
unlocked position, wherein in the locked position, the clutch
assembly engages the muzzle adapter and the attachment
mount to inhibit loosening rotation of the attachment mount
relative to the muzzle adapter, and wherein 1n the unlocked
position, the clutch assembly disengages from the muzzle
adapter to permit loosening rotation of the attachment mount
relative to the muzzle adapter.

Example 2 includes the subject matter of Example 1,
wherein the clutch assembly comprises a clutch collar
rotatable about the attachment mount between the locked
position and the unlocked position; and a locking structure
configured to selectively engage or disengage the cylindrical
outer surface of the muzzle adapter based on the clutch
collar being in the locked position or the unlocked position,
respectively.

Example 3 includes the subject matter of Example 2,
wherein, when the clutch collar 1s 1n the locked position, the
locking structure engages the cylindrical outer surface of the
muzzle adapter, thereby mhibiting loosening rotation of the
attachment mount, and when the clutch collar 1s in the
unlocked position, the locking structure disengages from the
cylindrical outer surface of the muzzle adapter, thereby
permitting loosening rotation of the attachment mount.

Example 4 includes the subject matter of Example 3,
wherein the locking structure comprises a cam with an
arcuate cam surface, the cam being pivotable about a cam
axis due to rotation of the clutch collar; and a cam spring on
the attachment mount and engaging the cam; and wherein
rotating the clutch collar toward the locked position allows
the cam spring to pivot the cam about the cam axis so that
the arcuate cam surface engages the outer surface of the
muzzle adapter, and wherein rotating the clutch collar
toward the unlocked position pivots the cam so that the
arcuate cam surface disengages from the outer surface of the
muzzle adapter.

Example 5 includes the subject matter of any of Examples
2-4 and further comprises a locking nut attached to the
mount proximal end portion of the attachment mount, the
locking nut constructed to retain the clutch collar assembled
on the attachment mount.

Example 6 includes the subject matter of Example 3,
wherein the locking nut threadably engages a thread on the
mount proximal end portion.

Example 7 includes the subject matter of Examples 5 or
6, wherein the locking nut comprises an annular body with
a distal body portion, a proximal body portion, a radially
outer portion, and a radially mmward surface defining a
temale thread, the annular body defining a fastener opening
axially therethrough; a resilient tab defined 1n the distal body
portion and axially aligned with the fastener opening, the
resilient tab having a first tab end portion connected to the
radially outer portion of the annular body and extending
unattached radially mmward to a second tab end axially
aligned with the radially inward surface, wherein a portion
of the female thread extends along the second tab end; and
a Tastener configured to be advanced through the fastener
opening; wherein advancing the fastener through the fas-
tener opening causes the fastener to engage the resilient tab
and axially detflect the resilient tab, thereby misaligning the
portion of the female thread on the distal tab end with the
female thread along the radially mmward surface of the
annular body.

Example 8 includes the subject matter of Example 1,
wherein when in the locked position the clutch assembly 1s
a one-way clutch assembly comprising a clutch collar rotat-
able about the attachment mount and operable to move a
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lock between a first position corresponding to the locked
position, and a second position corresponding to the
unlocked position, wherein the lock comprises (1) one or
more cams, or (11) one or more rollers.

Example 9 includes the subject matter of Example 1,
wherein the clutch assembly comprises one or more cams,
cach of the one or more cams mounted 1n a cam opening 1n
the mount body and positioned to engage the cylindrical
outer surface of the adapter body when the clutch assembly
1s 1n the locked position and to disengage from the cylin-
drical outer surface when the clutch assembly 1s in the
unlocked position; a cam spring biasing each of the one or
more cams toward the locked position; and a clutch collar
overlapping and rotatable about the attachment mount 1n a
first direction to move the clutch assembly to the locked
position, and rotatable about the attachment mount 1n a
second direction to move the clutch assembly to the
unlocked position.

Example 10 includes the subject matter of Example 9,
wherein the cam spring extends along a circumierence of the
attachment mount and 1n contact with each of the one or
more cams.

Example 11 includes the subject matter of Example 9,
wherein the cam spring 1s a torsion spring having a first leg
engaging the mount body and a second leg engaging one of
the one or more cams.

Example 12 includes the subject matter of any of
Examples 9-11, wherein moving the clutch assembly to the
unlocked position further tensions the cam spring.

Example 13 includes the subject matter of any of
Examples 9-12, wherein each of the one or more cams 1s
positioned to engage a cylindrical outer surface of the
adapter body when the clutch assembly 1s 1n the locked
position, and each of the one or more cams 1s positioned to
be disengaged from the adapter body when the clutch
assembly 1s 1n the unlocked position.

Example 14 includes the subject matter of Example 13,
wherein each of the one or more cams comprises a cam body
with a pin opening therethrough, the pin opening defining a
pivot axis for the cam; an arcuate cam surface on the cam
body that 1s eccentric about the pin opening; and a lever arm
extending radially outward from the cam body in a first
direction; wherein the cam spring applies the spring force to
the cam.

Example 15 includes the subject matter of Example 14,
wherein each of the one or more cams further comprises a
second arm extending radially outward from the cam body
in a second direction, the second direction rotated about the
pin opening from 20 to 90 degrees with respect to a first
direction of the lever arm.

Example 16 includes the subject matter of Examples 14 or
15, wherein an inside of the clutch collar engages the lever
arm to pivot the cam when moving the clutch assembly to
the unlocked position.

Example 17 includes the subject matter of any of
Examples 14-16, wherein an end of the lever arm abuts the
inside of the clutch collar when the clutch assembly 1s 1n the
unlocked position, thereby preventing the cam from pivoting
to the locked position.

Example 18 includes the subject matter of any of
Examples 1-17, wherein the cylindrical outer surface of the
adapter body defines a region of reduced diameter, wherein
cach of the one or more cams engages the region of reduced
diameter when the mounting assembly 1s in the locked
position.
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Example 19 includes the subject matter of Example 18,
wherein the region of reduced diameter 1s positioned axially
between a proximal portion and a distal portion of the
cylindrical outer surface.

Example 20 includes the subject matter of Example 19,
wherein the region of reduced diameter has a diameter that
1s at least 0.0035" smaller than a diameter of the distal
portion of the cylindrical outer surface.

Example 21 includes the subject matter of Example 1,
wherein the clutch assembly comprises an adapter ring
disposed 1n the mount proximal end portion, the adapter ring
having an inside surface constructed to receive the muzzle
adapter therein and having one or more structures that
prevents rotation of the adapter ring relative to the muzzle
adapter, and having an outside surface spaced from an inside
surface of the mount proximal end portion by a radial gap;
one or more of rollers disposed in the radial gap between the
outside surface of the adapter ring and an inside surface of
the mount proximal end portion; and a clutch collar installed
on the attachment mount with the mount proximal end
portion received between clutch collar and the adapter ring,
the clutch collar rotatable about the attachment mount;
wherein rotating the clutch collar to a first position corre-
sponding to the locked position of the clutch assembly
allows the one or more rollers to a pinch region between the
adapter ring and the attachment mount, thereby causing the
one or more rollers to become trapped and preventing
loosening rotation of the adapter ring relative to the attach-
ment mount; and wherein rotating the clutch collar to a
second position corresponding to the unlocked position of
the clutch assembly moves the one or more rollers to a
clearance region between the adapter ring and the attach-
ment mount.

Example 22 includes the subject matter of Example 21,
wherein the muzzle adapter defines one or more ridges
protruding from an outside surface and extending axially
along the adapter body; wherein the adapter ring defines one
or more valleys 1n the 1nside surface, the one or more valleys
complementary to the one or more ridges; and wherein the
muzzle adapter 1s slidingly received 1n the adapter ring with
the one or more ridges 1n the one or more valleys.

Example 23 includes the subject matter of Example 22
and further comprises one or more spring housings extend-
ing radially outward from the outside surface of the adapter
ring; and a roller spring retained by each of the one or more
spring housings, the roller spring extending between the
spring housing and one roller of the one or more rollers to
bias the one roller away from the spring housing along the
outside surface of the adapter ring.

Example 24 includes the subject matter of Example 23
and further comprises a proximal wall with an annular
shape, the proximal wall attached to a proximal end portion
of the clutch collar and extending radially inward; and a
protrusion extending axially from a proximal wall and
received 1n the radial gap between the outside surface of the
adapter ring and the inside surface of the mount proximal
end portion; wherein, when moving the clutch collar to the
first position, the protrusion disengages ifrom the one roller,
thereby allowing the roller spring to extend to a lower
energy state while moving the one roller to the pinch region
between the adapter ring and the attachment mount; and
wherein, when moving the clutch collar to the second
position, the protrusion engages the one roller and com-
presses the roller spring, thereby maintaining the roller in the
clearance region between the adapter ring and the attach-
ment mount.
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Example 25 1s a mounting assembly for firearm muzzle
devices, the mounting assembly comprising a muzzle
adapter with an adapter body configured to be 1nstalled on a
fircarm barrel; an attachment mount having a generally
cylindrical body with a through-opening defined there-
through, a mount proximal end portion, and a mount distal
end portion, wherein the attachment mount i1s configured to
secure a lirearm muzzle device to the mount distal end
portion and to removably attach to the muzzle adapter
received 1n the mount proximal end portion; a one-way
clutch assembly on the attachment mount and including (1)
a clutch collar rotatable about the attachment mount between
a locked position and an unlocked position, (11) one or more
cams, each of the one or more cams retained 1n a cam
opening defined 1n the body of the attachment mount and
pivotable between a first cam position and a second cam
position, and (111) a cam spring extending along a circum-
ference of the body of the attachment mount and in contact
with each of the one or more cams, whereimn moving the
clutch collar to the locked position allows the one or more
cams to move to the first cam position, and moving the
clutch collar to the unlocked position moves the one or more
cams to the second cam position, and wherein when the
muzzle adapter 1s installed 1n the attachment mount and the
clutch collar 1s moved to the locked position, the one or more
cams engage the adapter body to prevent loosening rotation
of the muzzle adapter with respect to the attachment mount.

Example 26 icludes the subject matter of Example 25,
wherein each of the one or more cams has an arcuate cam
surface and in the first cam position the arcuate cam surface
1s positioned radially mmward for engagement with the
adapter body, and in the second cam position, the arcuate
cam surface 1s positioned radially outward relative to the
first cam position, thereby being positioned to provide
clearance between the arcuate cam surface and the adapter
body.

Example 27 includes the subject matter of Example 25,
wherein each of the one or more cams comprises a cam body
with a pin opening therethrough and defiming a pivot axis; an
arcuate cam surface on the cam body that 1s eccentric about
the pin opening, wherein the cam pivots about the pin
opening; a lever arm extending radially outward from the
cam body 1n a first direction; and a second arm extending
radially outward from the cam body in a second direction,
the second direction rotated about the pin opening from 20
to 90 degrees with respect to the first direction; wherein the
cam spring applies a spring force to the second arm, thereby
biasing the cam towards the first cam position.

Example 28 includes the subject matter of Example 27,
wherein the lever arm and the second arm are positioned on
an opposite side ol the cam body from the arcuate cam
surface.

Example 29 includes the subject matter of Example 27,
wherein the clutch collar engages the lever arm when
moving from the locked position to the unlocked position,
thereby pivoting the cam to the second position.

Example 30 includes the subject matter of Example 29,
wherein an end of the lever arm contacts an inside surface
of the clutch collar when the one-way clutch assembly 1s 1n
the unlocked position, thereby obstructing the cam from
pivoting from the second position to the first position.

Example 31 1s a mounting assembly for fircarm muzzle
devices, the mounting assembly comprising an attachment
mount having a mount body with a generally cylindrical
shape extending along a bore axis, the mount body including
a mount proximal end portion and a mount distal end
portion, wherein the attachment mount i1s configured to
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releasably attach to a muzzle adapter received in the mount
proximal end portion and having a cylindrical adapter body
portion with a body radius, and wherein the attachment
mount 1s configured to be secured to a firearm muzzle device
received 1n the mount distal end portion; and a clutch
assembly on the attachment mount and including (1) a clutch
collar overlapping the body of the attachment mount and
rotatable about the body between a locked position and an
unlocked position, and (11) one or more cams, each cam of
the one or more cams pivotably retained 1n a cam opening
in the body of the attachment mount and each cam having a
cam body with an arcuate cam surface, wherein, when the
clutch collar 1s moved to the locked position, the one or more
cams pivot to a first position with the cam surface extending
radially inward to a radius equal to or less than the body
radius, and when the clutch collar 1s moved to the unlocked
position, the one or more cams pivot to a second position
with the cam surface extends radially inward to a radius

greater than the body radius.

Example 32 includes the subject matter of Example 31
and further comprises a cam spring on the attachment mount
and 1n contact with each of the one or more cams, the cam
spring applying a spring force to bias the one or more cams
towards the first cam position.

Example 33 includes the subject matter of Examples 31 or
32 and further comprises the muzzle adapter, wherein the
muzzle adapter 1s configured to be secured to a firecarm barrel
and has the cylindrical adapter body portion with the body
radius.

Example 34 includes the subject matter of Example 33,
wherein the muzzle adapter defines a threaded portion to
threadably engage the attachment mount.

Example 35 1s a mounting assembly for fircarm muzzle
devices, the mounting assembly comprising an attachment
mount having a generally cylindrical body with a through-
opening defined therethrough, a mount proximal end por-
tion, and a mount distal end portion, wherein the attachment
mount 1s configured to secure a firearm muzzle device to the
mount distal end portion and to releasably attach the mount
proximal end portion to a muzzle adapter; and a clutch
assembly operable with the attachment mount and including
(1) a clutch collar rotatable about the attachment mount
between a locked position and an unlocked position, (1) one
or more cams, each of the one or more cams retained 1n a
cam opening defined in the body of the attachment mount
and pivotable between a first cam position and a second cam
position 1n response to the clutch collar rotating between the
locked position and the unlocked position, respectively, and
(111) a cam spring on the attachment mount and 1n contact
with each of the one or more cams.

Example 36 includes the subject matter of Example 35
and further comprises the muzzle adapter, wherein the
muzzle adapter 1s configured to be secured to a firearm
barrel, the muzzle adapter having an adapter body with a
threaded portion to threadably engage the attachment mount
and a cylindrical sleeve portion extending distally from the
threaded portion; and wherein when the muzzle adapter 1s
screwed 1nto the attachment mount and the clutch collar 1s
moved to the locked position, the one or more cams engage
the cylindrical sleeve portion to prevent loosenming rotation
of the attachment mount with respect to the muzzle adapter.

Example 37 includes the subject matter of any of
Examples 1-36 and further comprises the fircarm muzzle
device, the fircarm muzzle device selected from a suppres-
sor, a muzzle brake, a flash hider, linear compensator, a
blank firing adapter, an 1nert suppressor, and a heat shield.
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Example 38 includes the subject matter of Example 37
and turther comprises the firecarm barrel, wherein the muzzle
adapter 1s secured to a muzzle end of the fircarm barrel.

Example 39 includes the subject matter of Example 38,
wherein the attachment mount 1s installed on the muzzle
adapter.

Example 40 includes the subject matter of any of
Examples 1-39, wherein the muzzle adapter 1s configured as
a flash hider or muzzle brake.

Example 41 1s a locking nut comprising an annular body
with a distal body portion, a proximal body portion, a
radially outer portion, and a radially inward surface defining,
a female thread, the annular body defining a fastener open-
ing axially therethrough; a resilient tab defined in the distal
body portion and axially aligned with the fastener opening,
the resilient tab having a first tab end portion connected to
the radially outer portion of the annular body and extending
unattached radially inward to a second tab end axially
aligned with the radially inward surface, wherein a portion
of the female thread extends along the second tab end; and
a Tastener configured to be advanced through the fastener
opening; wherein advancing the fastener through the fas-
tener opening causes the fastener to engage the resilient tab
and axially detlect the resilient tab, thereby misaligning the
portion of the female thread on the distal tab end with the
female thread along the radially inward surface of the
annular body.

Example 42 includes the subject matter of Example 41,
wherein the fastener opening 1s threaded.

Example 43 includes the subject matter of Example 41 or
42, wherein the resilient tab 1s a first tab of a plurality of
resilient tabs distributed about the distal body portion.

Example 44 1s a method of securing a muzzle attachment
to the barrel of a firearm, the method comprising providing,
a mounting assembly comprising a muzzle adapter config-
ured to be attached to a firecarm barrel; providing a muzzle
device secured to an attachment mount, wherein the attach-
ment mount includes a one-way clutch assembly configured
for selective mstallation onto and removal of the attachment
mount from muzzle adapter; providing a firecarm barrel with
a muzzle end portion; 1nstalling the muzzle adapter onto the
firearm barrel; attaching the attachment mount to the muzzle
adapter; and moving the clutch assembly to the locked
position, thereby engaging a locking structure between the
muzzle adapter and the attachment mount to inhibit loosen-
ing rotation of the attachment mount relative to the muzzle
adapter.

Example 45 includes the subject matter of Example 44,
wherein moving the clutch assembly to the locked position
proceeds 1n the same rotational direction as the loosening,
rotation of the attachment mount from the muzzle adapter.

Example 46 includes the subject matter of Example 44
and further comprises providing the muzzle device and
securing the muzzle device to the attachment mount.

Example 47 includes the subject matter of Example 46,
wherein the muzzle device 1s a suppressor, a muzzle brake,
a heat shield, an 1nert suppressor, a blank firing adapter, a
linear compensator, or a tlash hider.

Example 48 includes the subject matter of Example 47,
wherein the muzzle device 1s an integral part of the mount-
ing assembly.

Example 49 includes the subject matter of Example 44,
wherein moving the clutch assembly to the locked position
causes the locking structure to engage a body of the muzzle
adapter.

Example 350 includes the subject matter of Example 44,
wherein the locking structure comprises one or more cams,
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cach cam of the one or more cams having an arcuate cam
surface constructed to engage the body of the muzzle
adapter when the clutch assembly 1s 1n the locked position.

Example 351 includes the subject matter of Example 44
and further comprises moving the clutch assembly to the
unlocked position, thereby causing the locking structure to
disengage from the body of the muzzle adapter; and discon-
necting the muzzle device from the muzzle adapter.

The foregoing description of example embodiments has
been presented for the purposes of illustration and descrip-
tion. It 1s not intended to be exhaustive or to limit the present
disclosure to the precise forms disclosed. Many modifica-
tions and varnations are possible 1n light of this disclosure.
It 1s intended that the scope of the present disclosure be
limited not by this detailed description, but rather by the
claims appended hereto. Future-filed applications claiming
priority to this application may claim the disclosed subject
matter 1n a different manner and generally may include any
set of one or more limitations as variously disclosed or
otherwise demonstrated herein.

What 1s claimed 1s:

1. A mounting assembly for fircarm muzzle devices, the
mounting assembly comprising:

a muzzle adapter with an adapter body configured to be
attached to a firecarm barrel, the adapter body having a
cylindrical sleeve portion;

an attachment mount having a mount proximal end por-
tion and a mount distal end portion, the attachment
mount configured to releasably attach to the adapter
body when the muzzle adapter 1s received in the mount
proximal end portion, and configured to be secured to
a firearm muzzle device received in the mount distal
end portion; and

a clutch assembly on the attachment mount, the clutch
assembly operable between a locked position and an
unlocked position, wherein 1n the locked position, the
clutch assembly engages the muzzle adapter and the
attachment mount to inhibit loosening rotation of the
attachment mount relative to the muzzle adapter, and
wherein 1n the unlocked position, the clutch assembly
disengages from the muzzle adapter to permit loosen-
ing rotation of the attachment mount relative to the
muzzle adapter.

2. The mounting assembly of claim 1, wherein the clutch

assembly comprises:

a clutch collar rotatable about the attachment mount
between the locked position and the unlocked position;
and

a locking structure configured to selectively engage or
disengage the cylindrical sleeve portion of the muzzle
adapter based on the clutch collar being in the locked
position or the unlocked position, respectively.

3. The mounting assembly of claim 2, wherein, when the
clutch collar 1s 1 the locked position, the locking structure
engages the cylindrical sleeve portion of the muzzle adapter,
thereby 1nhibiting loosening rotation of the attachment
mount, and when the clutch collar 1s in the unlocked
position, the locking structure disengages from the cylindri-
cal sleeve portion of the muzzle adapter, thereby permitting
loosening rotation of the attachment mount.

4. The mounting assembly of claim 3, wherein the locking
structure comprises:

a cam with an arcuate cam surface, the cam being
pivotable about a cam axis due to rotation of the clutch
collar; and

a cam spring on the attachment mount and engaging the
cam;
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wherein rotating the clutch collar toward the locked
position allows the cam spring to pivot the cam about
the cam axis so that the arcuate cam surface engages the
sleeve portion of the muzzle adapter, and wherein
rotating the clutch collar toward the unlocked position
pivots the cam so that the arcuate cam surface disen-
gages from the sleeve portion of the muzzle adapter.

5. The mounting assembly of claim 2 further comprising
a locking nut attached to the mount proximal end portion of
the attachment mount, the locking nut constructed to retain
the clutch collar assembled on the attachment mount.

6. The mounting assembly of claim 5, wherein the locking
nut threadably engages a thread on the mount proximal end
portion.

7. The mounting assembly of claim 5, wherein the locking,
nut comprises:

an annular body with a distal body portion, a proximal
body portion, a radially outer portion, and a radially
inward surface defining a female thread, the annular
body defining a fastener opening axially therethrough;

a resilient tab defined in the distal body portion and
axially aligned with the fastener opening, the resilient
tab having a first tab end portion connected to the
radially outer portion of the annular body and extend-
ing unattached radially mmward to a second tab end
axially aligned with the radially imward surface,
wherein a portion of the female thread extends along
the second tab end; and

a fastener configured to be advanced through the fastener
opening;

wherein advancing the fastener through the fastener open-
ing causes the fastener to engage the resilient tab and
axially detflect the resilient tab, thereby misaligning the
portion of the female thread on the distal tab end with
the female thread along the radially inward surface of
the annular body.

8. The mounting assembly of claim 1, wherein the clutch
assembly, when 1n the locked position, 1s a one-way clutch
assembly comprising:

a clutch collar rotatable about the attachment mount and
operable to move a lock between a first position cor-
responding to the locked position, and a second posi-
tion corresponding to the unlocked position, wherein
the lock comprises (1) one or more cams, or (11) one or
more rollers.

9. The mounting assembly of claim 1, wherein the clutch

assembly comprises:

one or more cams, each of the one or more cams mounted
in a cam opening in the mount body and positioned to
engage the cylindrical sleeve portion of the adapter
body when the clutch assembly 1s 1n the locked position
and to disengage from the cylindrical sleeve portion
when the clutch assembly 1s 1n the unlocked position;

a cam spring biasing each of the one or more cams toward
the locked position; and

a clutch collar overlapping and rotatable about the attach-
ment mount 1n a first direction to move the clutch
assembly to the locked position, and rotatable about the
attachment mount in a second direction to move the
clutch assembly to the unlocked position.

10. The mounting assembly of claim 9, wherein the cam
spring extends along a circumierence of the attachment
mount and 1n contact with each of the one or more cams.

11. The mounting assembly of claim 9, wherein the cam
spring 1s a torsion spring with a first leg engaging the mount
body and a second leg engaging one of the one or more
cams.
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12. The mounting assembly of claim 9, wherein moving
the clutch assembly to the unlocked position further tensions
the cam spring.

13. The mounting assembly of claim 9, wherein each of
the one or more cams 1s positioned to engage a cylindrical
outer surface of the adapter body when the clutch assembly
1s 1n the locked position, and each of the one or more cams
1s positioned to be disengaged from the adapter body when
the clutch assembly 1s 1n the unlocked position.

14. The mounting assembly of claim 13, wherein each of
the one or more cams comprises:

a cam body with a pin opening therethrough, the pin

opening defining a pivot axis for the cam;

an arcuate cam surface on the cam body that 1s eccentric

about the pin opening; and

a lever arm extending radially outward {rom the cam body

in a first direction;

wherein the cam spring applies the spring force to the

cam.

15. The mounting assembly of claim 14, wherein each of
the one or more cams further comprises a second arm
extending radially outward from the cam body 1n a second
direction, the second direction rotated about the pin opening
from O to 90 degrees with respect to a first direction of the
lever arm.

16. The mounting assembly of claim 14, wherein an inside
of the clutch collar engages the lever arm to pivot the cam
when moving the clutch assembly to the unlocked position.

17. The mounting assembly of claim 14, wherein an end
of the lever arm abuts the 1nside of the clutch collar when the
clutch assembly 1s in the unlocked position, thereby pre-
venting the cam from pivoting to the locked position.

18. The mounting assembly of claim 9, wherein the
cylindrical sleeve portion of the adapter body defines a
region of reduced diameter, wherein each of the one or more
cams engages the region of reduced diameter when the
mounting assembly 1s 1n the locked position.

19. The mounting assembly of claim 1, wherein the clutch
assembly comprises:

an adapter ring disposed 1n the mount proximal end

portion, the adapter ring having an inside surface
constructed to recerve the muzzle adapter therein and
having one or more structures that prevents rotation of
the adapter ring relative to the muzzle adapter, and
having an outside surface spaced from an inside surface
of the mount proximal end portion by a radial gap;
one or more of rollers disposed 1n the radial gap between
the outside surface of the adapter ring and an inside
surface of the mount proximal end portion; and
a clutch collar installed on the attachment mount with the
mount proximal end portion received between clutch
collar and the adapter ring, the clutch collar rotatable
about the attachment mount;
wherein rotating the clutch collar to a first position
corresponding to the locked position of the clutch
assembly allows the one or more rollers to a pinch
region between the adapter ring and the attachment
mount, thereby causing the one or more rollers to
become trapped and preventing loosening rotation of
the adapter ring relative to the attachment mount; and

wherein rotating the clutch collar to a second position
corresponding to the unlocked position of the clutch
assembly moves the one or more rollers to a clearance
region between the adapter ring and the attachment
mount.
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20. The mounting assembly of claim 19, wherein

the muzzle adapter defines one or more ridges protruding
from an outside surface and extending axially along the
adapter body;

wherein the adapter ring defines one or more valleys 1n the
inside surface, the one or more valleys complementary
to the one or more ridges; and

wherein the muzzle adapter 1s shidingly received in the
adapter ring with the one or more ridges 1n the one or
more valleys.

21. The mounting assembly of claim 20 further compris-
ng:
one or more spring housings extending radially outward
from the outside surface of the adapter ring; and

a roller spring retained by each of the one or more spring,
housings, the roller spring extending between the
spring housing and one roller of the one or more rollers
to bias the one roller away from the spring housing
along the outside surface of the adapter ring.

22. The mounting assembly of claim 21 further compris-
ng:
a proximal wall with an annular shape, the proximal wall

attached to a proximal end portion of the clutch collar
and extending radially inward; and
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a protrusion extending axially from a proximal wall and
received 1n the radial gap between the outside surface
of the adapter ring and the inside surface of the mount
proximal end portion;

wherein, when moving the clutch collar to the first posi-
tion, the protrusion disengages from the one roller,
thereby allowing the roller spring to extend to a lower
energy state while moving the one roller to the pinch
region between the adapter ring and the attachment
mount; and

wherein, when moving the clutch collar to the second
position, the protrusion engages the one roller and
compresses the roller spring, thereby maintaining the
roller 1in the clearance region between the adapter ring
and the attachment mount.

23. The mounting assembly of claim 1 further comprising
the firearm muzzle device, the firearm muzzle device
selected from a suppressor, a muzzle brake, a flash hider, a
linear compensator, a blank firing adapter, an 1nert suppres-
sor, and a heat shield.

24. The mounting assembly of claim 23 further compris-
ing the firecarm barrel, wherein the muzzle adapter 1s secured
to a muzzle end of the firearm barrel.

25. The mounting assembly of claim 24, wherein the

attachment mount 1s installed on the muzzle adapter.
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